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PREFACE. 


These  textbooks  on  Electric  Lighting  and  Railways  have 
been  prepared  to  replace  those  formerly  issued  under  the 
title  of  **  A  Treatise  on  Electric  Power  and  Lighting.'*  In 
order  to  keep  pace  with  the  advances  and  improvements  of 
the  past  few  years,  it  has  been  found  necessary  to  rewrite 
our  former  textbooks  and  add  a  large  amount  of  new  mate- 
rial. This  has  resulted  in  practically  a  new  Course  through- 
out. In  addition  to  covering  the  field  of  Electric  Lighting 
and  Railways  in  a  most  thorough  manner,  these  volumes 
also  contain  all  the  necessary  instruction  on  Alternating 
Currents,  Electric  Power  Transmission,  and  allied  subjects 
that  the  student  requires  in  order  to  understand  thoroughly 
the  various  methods  of  power  distribution.  The  introduc- 
tion of  the  enclosed-arc  lamp  has  brought  about  many 
changes  in  the  field  of  electric  lighting,  and  this  has  been 
given  the  consideration  it  deserves.  The  subject  of  Inte- 
rior Wiring  is  closely  allied  to  Electric  Lighting  and  Rail- 
ways, and  has  been  added  to  the  Course,  three  sections 
having  been  specially  prepared  for  this  branch  alone.  The 
sections  on  Electric  Railways  have  been  made  so  complete 
that  the  student  cannot  help  but  obtain  a  good  knowledge 
of  all  the  component  parts  of  a  street-railway  equipment. 
Controllers  have  been  treated  in  particular  detail  in  order 
that  the  student  may  become  well  posted  on  the  methods 
and  connections  used  for  car  control.  In  addition  to  the 
above,  a  section  on  the  practical  operation  of  dynamos  and 
motors  has  also  been  added. 

In  preparing  the  descriptions  of  various  types  of  appa- 
ratus,   the   aim    has   been   to   take    typical    examples   that 
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iv  PREFACE. 

illustrate  the  underlying  principles  and  to  so  illustrate  and 
explain  these  that  the  student  will  have  no  difficulty  in 
understanding  and  operating  any  similar  devices.  No 
expense  has  been  spared  in  the  preparation,  and  cuts  have 
been  used  freely  wherever  they  would  aid  the  text.  The 
Course  has  been  prepared  for  those  men  who  are  called  upon 
to  install  and  operate  electrical  apparatus,  rather  than  for 
designers;  hence,  the  instruction  throughout  has  been  made 
as  practical  and  simple  as  possible.  Only  those  methods 
that  are  in  common  use  have  been  described,  and  special  and 
experimental  methods  have  been  entirely  avoided  or  given 
very  brief  mention.  While  descriptions  of  new  methods  and 
appliances  have  been  inserted,  care  has  been  taken  not  to 
leave  out  those  older  methods  that  are  still  in  extensive  use 
and  with  which  the  station  engineer  must  be  familiar  if  he 
is  to  be  successful.  It  is  believed,  therefore,  that  these  text- 
books will  be  found  to  contain  just  that  information  which 
is  needed  for  the  successful  operation  of  a  light  or  power 
plant.  While  this  Course  is  considerably  larger  than  the 
one  which  it  replaces,  it  will  be  found  that  the  amount  of 
study  necessary  is  increased  little,  if  any ;  whereas,  the  text- 
books, as  works  of  reference,  are  very  much  more  valuable. 

The  method  of  numbering  the  pages,  cuts,  articles,  etc. 
is  such  that  each  paper  and  part  is  complete  in  itself ;  hence, 
in  order  to  make  the  indexes  intelligible,  it  was  necessary  to 
give  each  paper  and  part  a  number.  This  number  is  placed 
at  the  top  of  each  page,  on  the  headline,  opposite  the  page 
number;  and  to  distinguish  it  from  the  page  number,  it  is 
preceded  by  the  printer's  section  mark  (§).  Consequently, 
a  reference  such  as  §  20,  page  35,  would  readily  be  found  by 
looking  along  the  headlines  until  §  20  is  ^ound,  and  then 
through  §  20  until  page  35  is  found. 

The  questions  corresponding  to  each  subject  are  grouped 
together  near  the  end  of  the  volume  and  follow  the  text- 
matter  to  which  they  refer.  The  answers  to  the  questions 
are  also  grouped  together  and  placed  at  the  end  of  the 
volume  following  the  questions. 
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ARITHMETIC. 

(PART  1.) 


DEFTNlTIOIfS. 

1.  Aritlmietlc  is  the  art  of  reckoning,  or  the  study  of 
numbers. 

!2.  A  unit  is  one,  or  a  single  thing,  as  one^  one  bolt,  one 
pulley,  one  dozen. 

3.  A  number  is  a  unit,  or  a  collection  of  units,  as  one^ 
three  engines,  five  boilers. 

4.  The  unit  of  a  number  is  one  of  the  collection  of  units 
which  constitutes  the  number.  Thus,  the  unit  of  twelve  is 
one^  of  twenty  dollars  is  one  dollar,  of  one  hundred  bolts  is 
one  bolt. 

5.  A  concrete  number  is  a  number  applied  to  some 
particular  kind  of  object  or  quantity,  as  three  grate  bars^ 
five  dollars^  ten  pounds. 

6.  An  abstract  number  is  a  number  that  is  not  applied 
to  any  object  or  quantity,  as  thrce^  five,  ten. 

7.  lilke  numbers  are  numbers  which  express  units  of  the 
same  kind,  as  six  days  and  ten  days,  two  feet  and  five  feet, 

8.  Unlike  numbers  are  numbers  which  express  units  of 
different  kinds,  as  ten  mojiths  and  eight  miles,  seven  wrenches 
and  five  bolts. 


notatio:n^  aot)  :ntjmeration. 

9.  Numbers  are  expressed  in  three  ways:     (1)  by  words; 
(2)  by  figures;  (3)  by  letters. 

10.  Notation  is  the  art  of  expressing  numbers  by  figures 
or  letters. 

11.  Numeration  is  the  art  of  reading  the  numbers  which 
have  been  expressed  by  figures  or  letters. 

§1 
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2  ARITHMETIC.  §  1 

12.  The  Arabic  notation  is  the  method  of  expressing 
numbers  by  figures.  This  method  employs  ten  different 
flgrures  to  represent  numbers,  viz. : 

Figures       0123456789 

naught,  one    two  three  four  five     six  seven  eight  nine 
Names  cipher, 
or  zero. 

The  first  character  (0)  is  called  naught,  elplier,  or  zero, 
and  when  standing  alone  has  no  value. 

The  other  nine  figures  are  called  dl^ts,  and  each  has  a 
value  of  its  own. 

Any  whole  number  is  called  an  Integrer. 

13.  As  there  are  only  ten  figures  used  in  expressing 
numbers,  each  figure  must  have  a  different  value  at  different 
times. 

14.  The  value  of  a  figure  depends  upon  its  positio7i  in 
relation  to  other  figures. 

16.     Figures  have  simple  values,  and  local,  or  relative, 

values. 

16.  The  simple  value  of  a  figure  is  the  value  it  expresses 
when  standing  alone. 

17.  The  local,  or  relative,  value  of  a  figure  is  the 
increased  value  it  expresses  by  having  other  figures  placed 
on  its  right. 

For  instance,  if  we  see  the  figure  6  standing  alone, 

thus 6 

we  consider  it  as  six  units,  or  simply  six. 

Place  another  6  to  the  left  of  it;  thus 66 

The  original  figure  is  still  six  units,  but  the  second 
figure  is  ten  times  6,  or  0  tens. 

If  a  third  G  be  now  placed  still  one  place  further 
to  the  left,  it  is  increased  in  value  ten  times  more, 

thus  making  it  6  hundreds 666 

A  fourth  6  would  be  6  thousands 6GG6 

A  fifth  6  would  be  G  tens  of  thousands,  or  sixty 

thousand GGGG6 

A  sixth  G  would  be  6  hundreds  of  thousands  .   .      GGGGG6 
A  seventh  C  would  be  G  mUllons CG66G66 
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The  entire  line  of  seven  figures  is  read  six  millions  six 
hundred  sixty-six  thousands  six  hundred  sixty-six. 

18.  The  Increased  value  of  each  of  these  figures  is  its 
local,  or  relative,  value.  Each  figure  is  ten  times  greater  in 
value  than  the  one  immediately  on  its  right. 

19.  The  clpber  (0)  has  no  value  in  itself,  but  it  is  useful 
in  determining  the  place  of  other  figures.  To  represent  the 
numheT  four  hundred  Jive,  two  digits  only  are  necessary,  one 
to  represent  four  hundred  and  the  other  to  represent  five 
units;  but  if  these  two  digits  are  placed  together,  as  45,  the  4 
(being  in  the  second  place)  will  mean  4  tens.  To  mean  4  hun- 
dreds, the  4  should  have  two  figures  on  its  right,  and  a  cipher 
is  therefore  inserted  in  the  place  usually  given  to  tens,  to  show 
that  the  number  is  composed  of  hundreds  and  units  only,  and 
that  there  are  no  tens.  Four  hundred  five  is  therefore  ex- 
pressed as  405.  If  the  number  vrerefour  thousand  and  five, 
two  ciphers  would  be  inserted;  thus,  4005.  If  it  yrcrefour 
hundred  fifty,  it  would  have  the  cipher  at  the  right-hand  side 
to  show  that  there  were  no  units,  and  only  hundreds  and  tens; 
thus,  450.    Four  thousand  and  fifty  would  be  expressed  4050. 

20.  In  reading  figures,  it  is  usual  to  point  off  the  number 
into  groups  of  three  figures  each,  beginning  at  the  right- 
hand,  or  units,  column,  a  comma  (,)  being  used  to  point  off 
these  groups. 


Billioits. 

Millions. 

Thousands. 

Units. 
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In  pointing  off  these  figures,  begin  at  the  right-hand  figure 
and  count — units,  lens  of  units,  hundreds  of  units;  the  next 
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group  of  three  figures  is  thousands;  therefore,  we  insert  a 
comma  (,)  before  beginning  with  them.  Beginning  at  the 
figure  5,  we  say  thousands^  tens  of  thousands^  hundreds  of 
thousands^  and  insert  another  comma.  We  next  read  millions^ 
tens  of  millions^  hundreds  of  millions  (insert  another  comma). 
billions^  tens  of  billions^  hundreds  of  billions. 

The  entire  line  of  figures  would  be  read :  Four  hundred 
thirty-two  billions  one  hundred  ninety-eight  millions  sez^en 
hundred  sixty- five  thousands  four  hujidred  thirty-two.  When 
we  thus  read2i  line  of  figures,  it  is  called  numeration^  and  if  the 
numeration  be  changed  back  to  figures^  it  is  called  notation. 

For  instance,  the  writing  of  the  following  figures, 

72,584,623, 

would  be  the  notation,  and  the  numeration  would  be  seventy- 
two  millions  five  hundred  eighty-four  thousands  six  hundred 
twenty-three, 

31«  Note. — It  is  customary  to  leave  the  "s"  off  the  words 
millions,  thousands,  etc.  in  cases  like  the  above,  both  in  speaking  and 
writing;  hence,  the  above  would  usually  be  expressed  seventy-two 
million  five  hundred  eighty-four  thousand  six  hundred  twenty-three. 

22.  The  four  fundamental  processes  of  arithmetic  are 
addition,  subtraction,  multiplication,  and  division.  They  are 
called  fundamental  processes  because  all  operations  in  arith- 
metic are  based  upon  them. 


ADDITION. 

23.  Addition  is  \\i^  process  of  finding  the  stun  of  two  or 
more  numbers.  The  sign  of  addition  is  -|-.  It  is  read  plus, 
and  means  more.  Thus,  5  -f  6  is  read  5  plus  6,  and  means 
that  5  and  6  are  to  be  added. 

24.  The  sign  of  equality  is  =.  It  is  read  equals  or  is 
equal  to.  Thus,  5  +  G  =  11  may  be  read  5  plus  6  equals  11^ 
or  5  plus  6  is  equal  to  11, 

25.  Like  nufnbers  cdiVi  be  added;  ujilike  Jiumbers  cannot 
be  added.  6  dollars  can  be  added  to  7  dollars,  and  the 
sum  will  be  13  dollars;  but  6  dollars  cannot  be  added  to 
7  feet. 
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26.  The  following  table  gives  the  sum  of  any  two 
numbers  from  1  to  12 ;  it  should  be  carefully  committed  to 
memory : 


1  and    1  is    2 

2  and    1  is    3 

3  and    1  is   4 

4  and    1  is    5 

1  and    2  is    8 

2  and    2  is   4 

8  and    2  is    5 

4  and    2  is    6 

1  and    3  is    4 

2  and    8  is    5 

3  and    3  is    6 

4  and    3  is    7 

1  and    4  is   5 

2  and    4  is    6 

3  and    4  is    7 

4  and    4  is    8 

1  and    5  is   6 

2  and    5  is    7 

8  and    5  is    8 

4  and    5  is    9 

1  and    6  is    7 

2  and    6  is    8 

3  and    6  is    9 

4  and    6  is  10 

1  and    7  is   8 

2  and    7  is    9 

3  and    7  is  10 

4  and    7  is  11 

1  and    8  is    9 

2  and    8  is  10 

3  and    8  is  11 

4  and    8  is  12 

1  and    9  is  10 

2  and    9  is  11 

3  and    9  is  12 

4  and    9  is  13 

1  and  10  is  11 

2  and  10  is  12 

3  and  10  is  13 

4  and  10  is  14 

1  and  11  is  12 

2  and  11  is  13 

3  and  11  is  14 

4  and  11  is  15 

1  and  12  is  13 

2  and  12  is  14 

3  and  12  is  15 

4  and  12  is  16 

5  and    1  is    6 

6  and    1  is   7 

7  and    1  is    8 

8  and    1  is    9 

5  and    2  is   7 

6  and    2  is    8 

7  and    2  is    9 

8  and    2  is  10 

5  and    8  is    8 

6  and    3  is    9 

7  and    3  is  10 

8  and    3  is  11 

5  and    4  is    9 

6  and    4  is  10 

7  and    4  is  11 

8  and    4  is  12 

5  and    5  is  10 

6  and    5  is  11 

7  and    5  is  12 

8  and    5  is  13 

5  and    6  is  11 

6  and    6  is  12 

7  and    6  is  13 

8  and    6  is  14 

5  and    7  is  12 

6  and    7  is  13 

7  and    7  is  14 

8  and    7  is  15 

5  and    8  is  13 

6  and    8  is  14 

7  and    8  is  15 

8  and    8  is  16 

5  and    9  is  14 

6  and    9  is  15 

7  and    9  is  16 

8  and    9  is  17 

5  and  10  is  15 

6  and  10  is  16 

7  and  10  is  17 

8  and  10  is  18 

5  and  11  is  16 

6  and  11  is  17 

7  and  11  is  18 

8  and  11  is  19 

5  and  12  is  17 

6  and  12  is  18 

7  and  12  is  19 

8  and  12  is  20 

9  and    1  is  10 

10  and    1  is  11 

11  and    1  is  12 

12  and    1  is  13 

9  and    2  is  11 

10  and    2  is  12 

11  and    2  is  13 

12  and    2  is  14 

9  and    3  is  12 

10  and    3  is  13 

11  and    3  is  14 

12  and    3  is  15 

9  and    4  is  13 

10  and    4  is  14 

Hand    4  is  15 

12  and    4  is  16 

9  and    5  is  14 

10  and    5  is  15 

11  and    5  is  16 

12  and    5  is  17 

9  and    6  is  15 

10  and    6  is  16 

11  and    6  is  17 

12  and    6  is  18 

9  and    7  is  16 

10  and    7  is  17 

11  and    7  is  18 

12  and    7  is  19 

9  and    8  is  17 

10  and    8  is  18 

Hand    8  is  19 

12  and    8  is  20 

^and    9  is  18 

10  and    9  is  19 

11  and    9  is  20 

12  and    9  is  21 

9  and  10  is  19 

10  and  10  is  20 

1 1  and  10  is  21 

12  and  10  is  22 

9  and  11  is  20 

10  and  11  is  21 

11  and  11  is  22 

12  and  11  is  23 

9  and  12  is  21 

10  and  12  is  22 

Hand  12  is  23 

12  and  12  is  24 

27.  For  addition^  place  the  numbers  to  be  added  directly 
under  one  another,  taking  care  to  place  units  under  uiiits^ 
tens  under  t€7is^  hundreds  under  hundreds^  and  so  on. 

When  the  numbers  are  thus  written,  the  right -hand  figure 
of  one  number  is  placed  directly  ujider  the  right-hand  figure 
of  the  one  above  it,  thus  bringing  units  under  units,  tens 
under  tefis,  etc.     Proceed  as  in  the  following  examples : 
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28.     Example.— What  is  the  sum  of  131,  222,  21.  2,  and  413  ? 

Solution. —  13  1 

222 

21 

2 

413 


sum  7  8  9    Ans. 

Explanation. — After  placing  the  numbers  in  proper 
order,  begin  at  the  bottom  of  the  right-hand,  or  units,  col- 
umn and  add ;  thus,  3  +  24-1  +  2  +  1  =  9,  the  sum  of  the 
numbers  in  units  column.  Place  the  9  directly  beneath  as 
the  first,  or  units,  figure  in  the  sum. 

The  sum  of  the  numbers  in  the  next,  or  tens,  column 
equals  8  tens,  which  is  the  second,  or  tens,  figure  in  the 
sum. 

The  sum  of  the  numbers  in  the  next,  or  hundreds,  col- 
umn equals  7  hundreds,  which  is  the  third,  or  hundreds, 
figure  in  the  sum. 

The  sum,  or  answer,  is  789. 

29.     Example.— What  is  the  sum  of  425,  36,  9.215,  4,  and  907  ? 

Solution. —  4  2  5 

86 

9215 

4 

907 


27 

60 

1500 

9000 


sum  10  5  8  7    Ans. 

Explanation. — The  sum  of  the  numbers  in  the  first,  or 
units,  column  is  27  units;  i.  e.,  2  tens  and  7  units.  Write  27 
as  shown.  The  sum  of  the  numbers  in  the  second,  or  tens, 
column  is  6  tens,  or  60.  Write  60  underneath  27  as  shown. 
The  sum  of  the  numbers  in  the  third,  or  hundreds,  column 
is  15  hundreds,  or  1,500.  Write  1,500  under  the  two  pre- 
ceding results  as  shown.  There  is  only  one  number  in  the 
fourth,  or  thousands,  column,   9,    which  represents   9,000. 
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Write  9,000  under  the  three  preceding  results.  Adding 
these  four  results,  the  sum  is  10,587,  which  is  the  sum  of  425, 
36,  9,215,  4,  and  907. 

30.    The  addition  may  also  be  performed  as  follows: 

425 

36 

9215 

4 

907 


sum  10  5  8  7    Ans. 

ExPLAMATioM. — The  sum  of  the  numbers  in  units  col- 
umn =  27  units,  or  2  tens^and  7  units.  Write  the  7  units 
as  the  first,  or  right-hand,  figure  in  the  sum.  Reserve  the 
2  tens  and  add  them  to  the  figures  in  tens  column.  The 
sum  of  the  figures  in  the  tens  column  plus  the  2  tens 
reserved  and  carried  from  the  units  column  is  8,  which  is 
written  down  as  the  second  figure  in  the  sum.  There  is 
nothing  to  carry  to  the  next  column,  because  8  is  less 
than  10.  The  sum  of  the  numbers  in  the  next  column  is 
15  hundreds,  or  1  thousand  and  5  hundreds.  Write  down 
the  5  as  the  third,  or  hun'ircfls.  figure  in  the  sjm  and  carrv 
the  1  to  the  next  column.  1  —  t>  -  10,  which  is  written 
down  at  the  left  cf  the  oth^rr  fig-jr^::^. 

The  second  method  sav^s  -r^a-y:  ar.*^!  f:;(jres,  but  the  fir?;t 
is  to  be  preferr^-^  wh'z'n.  a'-f'iinz  a  >^r.;f  c^'umr.. 

31.     EXAJCPLE.— Al-i  th*  -  :rr.'>rri  :r. 
SOLCTXOS- —  ^  i>  •> 

r  *; 

T  T  / 

-  ^ 

*  >  i 

\  -  ^ 

:  > : 


^t-o-; 
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Explanation. — The  sum  of  the  digits  in  the  first  column 
equals  19  units,  or  1  ten  and  9  units.  Write  the  9  and 
carry  1  to  the  next  column.  The  sum  of  the  digits  in  the 
second  column  +  the  1  carried  from  the  first  column  is 
109  tens,  or  10  hundreds  and  9  tens.  Write  down  the  9  and 
carry  the  10  to  the  next  column.  The  sum  of  the  digits  in 
this  column  plus  the  10  carried  from  the  second  column  is  38. 

The  entire  sum  is  3,899. 

33.  Rule. — I.  Begin  at  the  rights  add  each  column 
separately^  and  write  the  sum,  if  it  be  only  one  figure,  under 
the  column  added. 

II.  If  the  sum  of  any  column  consists  of  two  or  more  fig- 
ures, put  the  right-hand  figure  of  the  sum  under  that  column 
and  add  the  remaini?ig  figure  or  figures  to  the  next  column. 

33.  Proof. —  To  prove  addition,  add  each  column  from 
top  to  bottom.  If  you  obtain  the  same  result  as  by  adding 
from  bottom  to  top,  the  work  is  probably  correct. 


KXA3fPL.ES  FOB  PRACTICE. 

34.     Find  the  sum  of: 
104  +  203  +  613  +  214. 


Ans. 


f(^)  1,134. 

{b)  21,676. 

{c)  55.267. 

{d)  33,484. 

{e)  23,982. 

(/)  6,586. 

(^)  1405. 

{h)  14.985. 


(b)  1,875  +  3,143  +  5,826  +  10,832. 

{€)  4,865  -+-  2,145  +  8,173  +  40,084. 

{d)  14,204  +  8,173  +  1,065  +  10,042. 

{e)  10,832  +  4,145  +  3,133  -h  5,872. 

(/)  214  +  1,231  +  141+5,000. 

{g)  123  +  104  +  425  +  126  +  327. 

{h)  6,354  +  2,145  +  2,042  +  1,111  +  3,333. 

1.  A  week's  record  of  coal  burned  in  an  engine  room  is  as  fol- 
lows: Monday,  1,800  pounds;  Tuesday,  1,655  pounds;  Wednesday, 
1,725  pounds;  Thursday,  1,690  pounds;  Friday,  1,648  pounds;  Satur- 
day, 1,020  pounds.     How  much  coal  was  burned  during  the  week  ? 

Ans.  9,5381b. 

2.  A  steam  pump,  in  one  hour,  pumps  out  of  a  cistern  4,200  gal- 
lons; in  the  next  hour,  5,420  gallons;  and  in  45  minutes  more  an  addi- 
tional 3,600  gallons,  when  the  cistern  becomes  empty.  How  many 
gallons  were  in  the  cistern  at  first  ?  Ans.  13,220  gal. 
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3.  What  is  the  total  cost  of  a  steam  plant,  the  several  items  of 
expense  being  as  follows:  steam  engine,  $900;  boiler,  9775;  fittings 
and  connections,  $225 ;  erecting  the  plant.  $125 ;  engine  house,  $650  ? 

Ans.  $2,675. 


SUBTRACTIOIf. 

35.  In  arithmetic,  subtraction  is  the  process  of  finding 
how  much  greater  one  number  is  than  another. 

The  greater  of  the  two  numbers  is  called  the  minuend. 

The  smaller  of  the  two  numbers  is  called  the  subtra- 
bend. 

The  number  left  after  subtracting  the  subtrahend  from 
the  minuend  is  called  the  difference,  or  remainder. 

36.  The  sign  of  subtraction  is  — .  It  is  read  minus, 
and  means  less.  Thus,  12  —  7  is  read  12  minus  7,  and  means 
that  7  is  to  be  taken  from  12. 

37.  Example.— From  7,568  take  3,425. 

Solution. —  minuend    7  5  6  8 

subtrahend    34  25 


remainder    4  14  3    Ans. 

Explanation. — Begin  at  the  right-hand,  or  units,  column 
and  subtract  in  succession  each  figure  in  the  subtrahend 
from  the  one  directly  above  it  in  the  minuend,  and  write 
the  remainders  below  the  line.  The  result  is  the  entire 
remainder. 

38.  When  there  are  more  figures  in  the  minuend  than 
in  the  subtrahend,  and  when  some  figures  in  the  minuend 
are  less  than  the  figures  directly  under  them  in  the  sub- 
trahend, proceed  as  in  the  following  example : 

Example. — From  8,453  take  844. 

Solution. —  minuend    8  4  5  3 

subtrahend       8  4  4 


remainder    7  6  0  9    Ans. 

Explanation. — Begin  at  the   right-hand,   or  units,  col- 
umn to  subtract.      We  cannot  take  4  from  3,  and  must, 
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therefore,  borrow  1  from  5  in  tens  column  and  annex  it  to 
the  3  in  units  column.  The  1  ten  =  10  units,  which  added 
to  the  3  in  units  column  =13  units.  4  from  13  =  9,  the 
first,  or  units,  figure  in  the  remainder. 

Since  we  borrowed  1  from  the  5,  only  4  remains;  4  from 
4  =  0,  the  second,  or  tens,  figure.  We  cannot  take  8  from  4, 
so  borrow  1  thousand,  or  10  hundreds,  from  8;  10  hundreds 
+  4  hundreds  =  14  hundreds,  and  8  from  14  =  6,  the  third, 
or  hundreds,  figure  in  the  remainder. 

Since  we  borrowed  1  from  8,  only  7  remains,  from  which 
there  is  nothing  to  subtract ;  therefore,  7  is  the  next  figure 
in  the  remainder,  or  answer. 

The  operation  of  borrowing  is  placing  1  before  the  figure 
following  the  one  from  which  it  is  borrowed.  In  the  above 
example  the  1  borrowed  from  5  is  placed  before  3,  making 
it  13,  from  which  we  subtract  4.  The  1  borrowed  from  8  is 
placed  before  4,  making  14,  from  which  8  is  taken. 

39.     Example. — Find  the  difference  between  10,000  and  8,763. 

Solution. —  minuend    10  0  0  0 

subtrahend       8  7  6  3 


remainder       12  3  7    Ans. 

Explanation. — In  the  above  example  we  borrow  1  from 
the  second  column  and  place  it  before  0,  making  10;  3  from 
10  =  7.  In  the  same  way  we  borrow  1  and  place  it  before 
the  next  cipher,  making  10;  but  as  we  have  borrowed  1 
from  this  column  and  have  taken  it  to  the  units  column, 
only  9  remains  from  which  to  subtract  G ;  G  from  9  =  3. 
For  the  same  reason  we  subtract  7  from  9  and  8  from  9 
for  the  next  two  figures,  and  obtain  a  total  remainder  of 
1,237. 

40.  Rule. — Place  the  subtrahend  {or  smaller)  number 
under  the  minuend  {or  larger)  number^  in  the  same  manner 
as  for  addition^  and  proceed  as  in  Arts.  37,  38,  and  3Q. 

41.  Proof. —  To  prove  an  example  in  subtraction^  add  the 
stibtrahend  and  the  remainder.  The  sum  should  equal  the 
minuend.  If  it  does  ftot,  a  mistake  has  been  made^  a?id 
the  work  should  be  done  over. 


§  1  ARITHMETIC.  11 

Proof  of  the  above  example : 

subtrahend      8  7  6  8 
remainder       12  3  7 


minuend    10  0  0  0 


Ans.  i 


r(«) 

31,704. 

(p) 

27.890. 

w 

IS,  723. 

(d) 

10,896. 

w 

208,324. 

(/) 

67.253. 

(g) 

17,484. 

W) 

4. 

EXAMPI^S    FOR    PRACTICE. 

4:18.     Prom: 

{a)  »4,278  take  62,574. 

{b)  53.714  take  25,824. 

(c)  71.832  take  58,109. 

\d)  20,804  take  10,408. 

\e)  810,465  take  102,141. 

(/)  (81,043  4-  1.041)  take  14.831. 

{g)  (20,482  4- 18,216)  take  21,214. 

{h)  (2,040  4-  1,213  4-  542)  take  3,791. 

1.  A  cistern  is  fed  by  two  pipes  which  supply  1,200  and  2,250  gallons 
per  hour,  respectively,  and  is  being  emptied  by  a  pump  which  delivers 
5.800  gallons  per  hour.  Starting  with  8,000  gallons  in  the  cistern,  how 
much  water  does  it  contain  at  the  end  of  an  hour  ?  Ans.  5,650  gal. 

2.  A  train  in  running  from  New  York  to  Buffalo  travels  38  miles  the 
first  hour,  42  the  second,  39  the  third,  56  the  fourth,  52  the  fifth,  and  48 
the  sixth  hour.  How  many  miles  remain  to  be  traveled  at  the  end  of 
the  sixth  hour,  the  distance  between  the  two  places  being  410  miles  ? 

Ans.  135  mi. 

8.  On  Monday  morning  a  bank  had  on  hand  $2,862.  During  the 
day  $1,831  were  deposited  and  ^2,172  drawn  out;  on  Tuesday,  §3,126 
were  deposited  and  $1,954  drawn  out.  How  many  dollars  were  on  hand 
Wednesday  morning  ?  Ans.  $3,693. 


multiplicatio:n^. 

43.  To  multiply  a  number  is  to  add  it  to  itself  a  certain 
number  of  times. 

44,  Multiplication  is  the  process  of  multiplying  one 
number  by  another. 

The  number  thus  added  to  itself,  or  the  number  to  be 
multiplied,  is  called  the  multiplieaiitl. 

The  number  which  shows  how  many  times  the  multiplicand 
is  to  be  taken,  or  the  number  by  which  we  multiply^  is  called 
the  multiplier. 

The  result  obtained  by  multiplying  is  called  the  product. 
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45.    In  the  following  table,  the  product  of  any  two  num- 
bers (neither  of  which  exceeds  12)  may  be  found: 


1  times 

lis 

1 

2  times 

1] 

is 

2 

3 

times 

lis 

8 

1  times 

2  is 

2 

2  times 

2] 

s 

4 

3 

times 

2  is 

6 

1  times 

3  is 

3 

2  times 

3] 

is 

6 

3 

times 

Sis 

9 

1  times 

4  is 

4 

2  times 

4] 

is 

8 

3 

times 

4  is 

12 

1  times 

5  is 

5 

2  times 

5: 

is 

10 

3 

times 

5  is 

15 

1  times 

6  is 

6 

2  times 

6) 

is 

12 

3 

times 

6  is 

18 

1  times 

7  is 

7 

2  times 

7: 

is 

14 

3 

times 

7  is 

21 

1  times 

Sis 

8 

2  times 

8i 

is 

16 

3 

times 

Sis 

24 

1  times 

9  is 

9 

2  times 

9] 

is 

18 

3 

times 

9  is 

27 

1  times  10  is 

10 

2  times  10  : 

is 

20 

3 

times 

10  is 

30 

1  times  11  is 

11 

2  times  11  i 

is 

22 

8 

times 

11  is 

33 

1  times  12  is 

12 

2  times  12  i 

is 

24 

3 

times 

12  is 

36 

4  times 

lis 

4 

5  times 

1 

is 

5 

6 

times 

1  is 

6 

4  times 

2  is 

8 

5  times 

2 

is 

10 

6 

times 

2  is 

12 

4  times 

3  is 

12 

5  times 

3i 

is 

15 

6 

times 

Sis 

18 

4  times 

4  is 

16 

5  times 

4 

is 

20 

6 

times 

4  is 

24 

4  times 

5  is 

20 

5  times 

5] 

is 

25 

6 

times 

5  is 

80 

4  times 

6  is 

24 

5  times 

6] 

is 

30 

6 

times 

6  is 

36 

4  times 

7  is 

28 

5  times 

7] 

is 

35 

6 

times 

7  is 

42 

4  times 

8  is 

32 

5  times 

8] 

is 

40 

6 

times 

Sis 

48 

4  times 

9  is 

36 

5  times 

9] 

is 

45 

6 

times 

9  is 

54 

4  times  10  is 

40 

5  times  10  ] 

is 

50 

6 

times 

10  is 

60 

4  times  11  is 

44 

5  times  11 

is 

55 

6 

times 

His 

66 

4  times  12  is 

48 

5  times  12  i 

is 

60 

6 

times 

12  is 

72 

7  times 

lis 

7 

8  times 

1 

is 

8 

9 

times 

lis 

9 

7  times 

2  is 

14 

8  times 

2 

is 

16 

9 

times 

2  is 

18 

7  times 

3  is 

21 

8  times 

3 

is 

24 

9 

times 

Sis 

27 

7  times 

4  is 

28 

8  times 

4i 

is 

32 

9 

times 

4  is 

36 

7  times 

5  is 

35 

8  times 

5i 

is 

40 

9 

times 

5  is 

45 

7  times 

6  is 

42 

8  times 

6] 

is 

48 

9 

times 

6  is 

54 

7  times 

7  is 

49 

8  times 

7 

is 

56 

9 

times 

7  is 

63 

7  times 

Sis 

56 

8  times 

8] 

is 

64 

9 

times 

Sis 

72 

7  times 

9  is 

63 

8  times 

9] 

is 

72 

9 

times 

9  is 

81 

7  times  10  is 

70 

8  times  10  i 

is 

80 

9 

times 

10  is 

90 

7  times  11  is 

77 

8  times  11 

is 

88 

9 

times 

11  is 

99 

7  times  12  is 

84 

8  times  12  : 

is 

96 

9 

times 

12  is 

108 

10  times 

lis 

10 

11  times 

1: 

is 

11 

12 

times 

1  is 

12 

10  times 

2  is 

20 

11  times 

2: 

is 

22 

12 

times 

2  is 

24 

10  times 

Sis 

30 

11  times 

3] 

is 

33 

12 

times 

Sis 

36 

10  times 

4  is 

40 

11  times 

4i 

s 

44 

12 

times 

4  is 

48 

10  times 

5  is 

50 

11  times 

5] 

is 

55 

12 

times 

5  is 

60 

10  times 

6  is 

60 

11  times 

6] 

s 

66 

12 

times 

6  is 

72 

10  times 

7  is 

70 

11  times 

7i 

s 

77 

12 

times 

7  is 

84 

10  times 

Sis 

80 

11  times 

Si 

s 

88 

12 

times 

Sis 

96 

10  times 

9  is 

90 

11  times 

9] 

s 

99 

12 

times 

9  is 

108 

10  times  10  is 

100 

11  times  10 

s 

110 

12 

times 

10  is 

120 

10  times  11  is 

110 

11  times  11  ] 

s 

121 

12 

times 

11  is 

132 

10  times  12  is 

120 

11  times  12  i 

iS 

132 

12 

times 

12  is 

144 

This  table  should  be  carefully  committed  to  memory. 
Since  0  has  no  value,  the  product  of  0  and  any  number  is  0. 
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46.  The  sign  of  multiplication  is  X  .  It  is  read  times  or 
maltlplled  by.  Thus,  9  X  6  is  read  9  times  6^  or  9  multi- 
plied by  6. 

47.  It  matters  not  in  what  order  the  numbers  to  be 
multiplied  together  are  placed.  Thus,  6  X  9  is  the  same 
as  9  X  6. 

48.  To  multiply  a  number  by  one  fl^rure  only : 

Example. — Multiply  425  by  5. 

Solution.—  multiplicand      4  2  5 

multiplier  5 

product    2  12  5    Ans. 

Explanation. — For  convenience,  the  multiplier  is  gener- 
ally written  under  the  right-hand  figure  of  the  multiplicand. 
On  looking  in  the  multiplication  table,  we  see  that  5  X  5  is  25. 
Multiplying  the  first  figure  at  the  right  of  the  multiplicand, 
or  5,  by  the  multiplier  5,  it  is  seen  that  5x5  units  is  25  units, 
or  2  tens  and  5  units.  Write  the  5  units  in  units  place  in  the 
product  and  reserve  the  2  tens  to  add  to  the  product  of  tens. 
Looking  in  the  multiplication  table  again,  we  see  that  5x2 
is  10.  Multiplying  the  second  figure  of  the  multiplicand  by 
the  multiplier  5,  we  see  that  5  times  2  tens  is  10  tens,  which, 
plus  the  2  tens  reserved,  is  12  tens,  or  1  hundred  and  2  tens. 
Write  the  2  tens  in  tens  place  and  reserve  the  1  hundred  to 
add  to  the  product  of  hundreds.  Again,  we  see  by  the  multi- 
plication table  that  5  X  4  is  20.  Multiplying  the  third,  or 
last,  figure  of  the  multiplicand  by  the  multiplier  5,  we  see 
that  5  times  4  hundreds  is  20  hundreds,  which,  plus  the 
1  hundred  reserved,  is  21  hundreds,  or  2  thousands  and 
1  hundred,  which  we  write  in  thousands  and  hundreds  places, 
respectively. 

Hence,  the  product  is  2,125. 

This  result  is  the  same  as  adding  425  five  times.     Thus, 

425 
425 
425 
425 
425 


sum    2  12  5  Ans. 


(a) 

61,488  X6. 

(p) 

12.375  X  5. 

if) 

10,426  X  7. 

{d) 

10,885  X  3. 

W 

98,876  X  4. 

(/) 

10,878  X  8. 

(g) 

71,543x9. 

(>i) 

218,784  X  2. 

Axis. 
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EXAMPLES  FOR  PRACTICE. 

49.     Find  the  product  of; 

(a)  868,808. 

(b)  61,875. 
{c)     72,982. 

(d)  32,505. 

(e)  393,504. 
(/)  86,984. 
{g)  643,887. 
{h)  437,468. 

1.  A  stationary  engine  makes  5,520  revolutions  per  hour.  Running 
9  hours  a  day,  5  days  in  the  week,  and  5  hours  on  Saturday,  how  many 
revolutions  would  it  make  in  4  weeks?  Ans.  1,104,000  rev. 

2.  An  engineer  earns  $650  a  year  and  his  average  expenses  are  $548. 
How  much  could  he  save  in  8  years  at  that  rate  ?  Ans.  ^16. 

8.  The  connection  between  an  engine  and  boiler  is  made  up  of 
5  lengths  of  pipe,  three  of  which  are  12  feet  long,  one  2  feet  6  inches 
long,  and  one  8  feet  6  inches  long.  If  the  pipe  weighs  9  pounds  per 
foot,  what  is  the  total  weight  of  the  pipe  used  ?  Ans.  423  lb. 


60.     To  multiply  a  number  by  two  or  more  flgrures : 

Example.— Multiply  475  by  234. 

Solution. —       multiplicand  4  7  5 

multiplier  2  3  4 

1  900 
1425 
950 


product    11115  0    Ans. 

Explanation. — For  convenience,  the  multiplier  is  gen- 
erally written  under  the  multiplicand,  placing  units  under 
units,  tens  under  tens,  etc. 

We  cannot  multiply  by  234  at  one  operation ;  we  must, 
therefore,  multiply  by  the  parts  and  then  add  the  partial 
products. 

The  parts  by  which  we  are  to  multiply  are  4  units,  3  tens, 
and   2   himdreds.     4   times   475  =  1,900,    the  first  partial 
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product ;  3  times  475  =  1,425,  the  second  partial  product^  the 
right-hand  figure  of  which  is  ivrittcn  directly  under  the  fig- 
ure multiplied  by  ^  or  3;  2  times  475=  950,  the  third  partial 
product^  the  right-hand  figure  of  which  is  written  directly 
under  the  figure  multiplied  by,  or  2. 

The  sura  of  these  three  partial  products  is  111,150,  which 
is  the  entire  product, 

51.  Rale. — I.  Write  the  multiplier  under  the  multipli- 
cand^ so  that  units  are  under  units,  tens  under  tens,  etc, 

II.  Begin  at  the  right  and  multiply  each  figure  of  the 
multiplicand  by  each  successive  figure  of  the  multiplier,  pla- 
cing the  right-hand  figure  of  each  partial  product  directly 
under  the  figure  used  as  a  multiplier, 

III.  The  sum  of  the  partial  products  will  equal  the 
required  product, 

52.  Proof. — Review  the  work  carefully,  or  multiply  the 
multiplier  by  the  multiplicand ;  if  the  results  agree,  the  work 
is  correct, 

53.  When  there  is  a  cipher  in  the  multiplier,  multiply  by 
it  the  same  as  with  the  other  figures;  since  the  result  will 
be  zero,  place  a  cipher  under  the  cipher  in  the  multiplier  and 
write  the  next  partial  product  to  the  left  of  it,  as  shown 
below : 

(«)  (h)  {€)  id) 

0  2  15  708 

XO  XO  XO  XO 


0    Ans.  0    Ans.  0    Ans.  0    Ans. 

3114  4008  31264 

203  805  1002 


9342  20040  62528 

62280  120240  3126400 


632142  Ans.      1222440  Ans.       31326528  Ans. 
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EXAMPLES  FOR  PRACTICE. 

54,     Find  the  product  of: 

(a)  3,842x26. 

{d)  3,716  X  45. 

(r)  1,817  X  124. 

(^)  675  X  38. 

(0  1.875x33. 

(/)  4,830x47. 

(.IT)  5.082  X  543. 

(//)  3,257  X  240.  Ans.  i 

(/ )  2.875  X  302. 

(J)  17.819  X  1.<K)4. 

(/')  :;h,({74  X  205. 

(/)  18,304  X  HX). 

(;;/)  7,H:U  X  10. 

(;/)  87.543  X  1.000. 

(o)  4K,703  X  100. 

1.  If  the  area  of  a  steam-engine  piston  is  113  square  inches,  what  is 
the  total  pressure  upon  it  when  the  steam  pressure  is  85  pounds  per 
square  inch  ?  Ans.  9,605  lb. 

2.  A  sleam  engine  which  indicated  164  horsepower  was  found  to 
consume  4  pounds  of  coal  per  horsepower  per  hour.  Being  replaced  by 
a  new  engine  of  the  same  horsepower,  another  test  was  made,  which 
showed  a  < onsumption  of  3  pounds  per  horsepower  per  hour.  What 
was  tlie  saving  of  coal  for  a  year  of  309  days,  if  the  engine's  average 
run  was  M  hours  a  day  ?  Ans.  709,464  lb. 

3.  Two  steamers  are  7.^40  miles  apart  and  are  sailing  towards  each 
other,  one  at  the  rate  of  IS  miles  an  hour  and  the  other  at  the  rate  of 
15  miles  an  hour.     How  far  apart  will  they  be  at  the  end  of  205  hours  ? 

Ans.  1,081  mi. 


rw 

99.893. 

(i) 

167.220. 

w 

225.808. 

(.'f) 

25,650. 

w 

61.875. 

(/) 

227.292. 

U) 

8,085.826. 

{*) 

801,222. 

('■) 

868,250. 

(J) 

17,890,276. 

(i) 

7,928,170. 

(/) 

1,830,400. 

(«) 

78.840. 

{«) 

87,543,000. 

(0) 

4,876.300. 

DIVISIOX. 

55,  Division  is  the  process  of  finding  how  many  times 
one  number  is  contained  in  another  of  the  same  kind. 

The  number  to  be  cfividcd  \<.  called  the  dividend. 
The  number  by  which  we  divide  is  called  the  divisor. 
The  number  which  shows  how  many  times  the  divisor  is 
contained  in  the  dividend  is  called  the  quotient. 

56.  The  sign  of  division  is  -^.     It  is  read  divided  by. 
54  -T-  9  is  read  6^  divided  by  9.     Another  way  to  write  64 
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54  54 

divided  by  9  is  -tt-    Thus,  54  -h  9  =  0,  or  — -  =  0.  The  expres- 

•»  y 

54 
sion  —  may  be  read  either  54  divided  by  9  or  54  over  9,  the 

«7 

word  **over  *'  implying  that  there  is  a  line  between  the  two 
numbers  indicating  that  the  upper  number  is  to  be  divided 
by  the  lower  one.  In  both  of  these  cases  54  is  the  dividend 
and  9  is  the  divisor. 

Division  is  the  reverse  of  multiplication. 

57.  To  divide  Avhen  tlio  divisor  consists  of  but  one 
figriire,  proceed  as  in  the  following  example: 

Example. — What  is  the  quotient  of  875  -f-  7  ? 

divisor  dividend  quotient 

Solution.—  7)875(1  25    Ans. 

7 

14 

~35 
35 

remainder        0 

Explanation. —  T  is  contained  in  8  hundreds,  1  hundred 
times.  Place  the  1  as  the  first,  or  lefth:ind,  figure  of 
the  quotient.  Multiply  the  divisor,  7,  by  the  1  hundred  of 
the  quotient,  and  pl.ic.i  the  prodtict,  7  htuidreds,  under  the 
8  hundreds  in  the  dividend,  and  stibtract.  Reside  the 
remainder,  1,  bring  down  the  7  tens,  making  17  tens; 
17  divided  by  7  =  *2  tens.  Write  the  2  as  the  second  figure 
of  the  quotient.  Multiply  the  divisor,  7,  by  the  2,  and 
subtract  the  product  from  17.  Beside  the  remainder,  3, 
bring  down  the  5  units  of  the  dividend,  making  35  units. 
7  is  contained  in  35,  5  times,  and  5  is  placed  in  the  quotient. 
5  times  7  =  35,  which,  subtracted  from  3')  under  which  it  is 
placed,  leaves  0.  Then  fore,  the  quotient  is  125.  This 
method  is  called  lon^j:  division. 

58.  In  short  division,  only  tlie  divisor,  dividend, 
and  qtiotient  are  written,  the  opt  rations  l)eing  performed 
mentally. 

J.    /.— i 
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dividend 
divisor    7)8'735 

quotient    125    Ans. 

The  mental  operation  is  as  follows:  7  is  contained  in  8, 
1  time  and  1  remainder;  1  placed  before  7  makes  17;  7  is  con- 
tained in  17,  2  times  and  3  over;  the  3  placed  before  5 
makes  35 ;  7  is  contained  in  35,  5  times.  These  partial 
quotients,  placed  in  order  as  they  are  found,  make  the  entire 
quotient,  125. 

69.  If  the  divisor  consists  of  tivo  or  more  figures,  pro- 
ceed as  in  the  following  example: 

Example.— Divide  2,702,826  by  63. 

divisor        dividend  quotient 

Solution.—  63)2702826(42902    Ans. 

25  2 


182 
126 

568 
567 


1  26 
1  26 

Explanation. — As  63  is  not  contained  in  the  first  two 
figures,  27,  we  must  use  the  first  three  figures,  270.  Now, 
by  trial  we  must  find  how  many  times  03  is  contained  in  270. 
6  is  contained  in  the  first  two  figures  of  270,  4  times.  Place 
the  4  as  the  first,  or  left-hand,  figure  in  the  quotient.  Mul- 
tiply the  divisor,  (j3,  by  4,  and  subtract  the  product,  252, 
from  270.  The  remainder  is  18,  beside  which  we  write  the 
next  figure  of  the  dividend,  2,  making  182.  Now,  G  is  con- 
tained in  the  first  two  figures  of  182,  3  times,  but  on  multi- 
plying G3  by  3,  we  sec  that  the  product,  181),  is  too  great,  so 
we  try  2  as  the  second  figure  of  the  quotient.  Multiplying 
the  divisor,  03,  by  2  and  subtracting  the  product,  126,  from 
182,  the  remainder  is  50,  beside  which  we  bring  down  the 
next  figure  of  the  dividend,  making  508.  0  is  contained  in 
50  about  9  times.  Multiply  the  divisor,  03,  by  9  and  sub- 
tract the  product,  507,  from  508.     The  remainder  is  1,  and 
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bringing  down  the  next  figure  of  the  dividend,  2,  gives  12. 
As  12  is  smaller  than  63,  we  write  0  in  the  quotient  and 
bring  down  the  next  figure,  6,  making  120.  63  is  contained 
in  126,  2  times,  without  a  remainder.  Therefore,  42,902  is 
the  quotient. 

60,  Rule. — I.  Write  the  divisor  at  the  left  of  the  divi- 
dend^ with  a  line  betzveen  them. 

II.  Find  how  many  times  the  divisor  is  contained  in  the 
loivest  number  of  the  left -hand  figures  of  the  dividend  that 
will  contain  it^  and  ivrite  the  restdt  at  the  right  for  the  first 
figure  of  the  quotient, 

m.  Multiply  the  divisor  by  this  quotient ;  write  the 
product  under  the  partial  dividend  used,  and  subtract,  and  to 
the  remainder  annex  the  next  figure  of  the  dividend.  Divide 
as  before,  and  thus  contifiue  until  all  the  figures  of  the  divi- 
dend have  been  used. 

IV.  If  any  partial  dividend  tvill  not  contain  the  divisor, 
write  a  cipher  in  the  quotient,  annex  the  next  figure  of  the 
dividend,  and  proceed  as  before. 

V.  If  there  be  at  last  a  remainder,  write  it  after  the  quo- 
tient, ivith  the  divisor  underneath. 

61.  Proof. — Multiply  the  quotient  by  the  divisor  and  add 
the  remainder,  if  there  be  aiiy,  to  the  product.  The  result 
will  be  the  dividend.     Thus, 

divisor  dividend  quotient 
6  3  )  4  2  a  5  (  6  7iJ     Ans. 

378 


455 
441 

remainder  1  4 

Proop,  quotient  6  7 

divisor  6  3 


201 
402 

422  1 
remainder  1  4 

dividend     4  2  3  5 


((") 

2,181. 

(*) 

4,182. 

('■) 

48,753. 

(d) 

3.615. 

(«•) 

242. 

(/) 

7,328. 

(iO 

805. 

«*) 

4.821. 
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EXAMPI-ES    FOR    PRACTICE. 

C3«     Divide  the  following 

(a)  126,498  by  58. 

ifi)  3,207,594  by  767. 

(O  11,408,202  by  234. 

(^)  2.100,315  by  581. 

(O  969.936  by  4,008. 

(/)  7,4Hl,8H8by  1,021. 

(^)  1,525.915  by  5,003. 

(//)  1,646,301  by  381. 

1.  In  a  mile  there  are  5,280  feet.  How  many  rails  would  it  take  to 
lay  a  double  row  1  mile  long,  each  rail  being  30  feet  long  ? 

Ans.  852  rails. 

2.  How  many  rivets  will  be  required  for  the  longitudinal  seams  of  a 
cylindrical  boiler  20  feet  long,  the  joint  being  double-riveted,  and  the 
rivets  Ijeing  spaced  4  inches  apart  ?  Ans.  120  rivets. 

Note. — Fir.st  find  the  length  of  the  boiler  in  inches. 

3.  It  requires  7.020,(KH)  bricks  to  build  a  large  foundry.  How  many 
teams  will  it  require  to  draw  the  bricks  in  60  days,  if  each  team  draws 
6  loads  per  day  and  1,5<M)  bricks  at  a  load  ?  Ans.  13  teams. 

NoTK.— Find  how  many  loads  7,020.000  bricks  make;  then,  how 
many  days  it  will  take  one  team  to  draw  the  bricks. 


(.ANCELATIOX. 

63.  Caiiecnatloii  is'  the  process  of  shortening  operations 
in  division  by  casting  out  e(iiial  factors  from  both  dividend 
and  divisor. 

<>4.  The  factors  of  a  number  are  th(;se  numbers  which, 
when  multiplied  together,  will  equal  that  number.  Thus, 
5  and  3  are  the  factors  of  15,  since  5x3  =  15.  Likewise, 
8  and  7  are  the  factors  of  5(;,  since  8x7  =  50. 

65.  A  prlnu*  niiinlM^r  is  one  which  cannot  be  divided 
by  any  number  excej)!  itself  and  1.  Thus,  2,  3,  11,  29,  etc. 
are  prime  numbers. 

66.  A  prime  factor  is  any  factor  that  is  a  prime  number. 
Any  number  that  is  not  a  prime  is  called  a  composite 

number,  and  may  be  produced  by  multiplying  together  its 
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prime  factors.     Thus,  60  is  a  composite  number,  and  is  equal 
to  the  product  of  its  prime  factors,  2x2x3x5. 

Numbers  are  said  to  be  prime  to  each,  otlier  when  no  two 
of  them  can  be  divided  by  any  number  except  1 ;  the  numbers 
themselves  may  be  either  prime  or  composite.  Thus,  the 
numbers  3,  5,  and  11  are  prime  to  one  another;  so  also  are  22, 
25,  and  21 — all  three  of  which  are  composite  numbers. 

67.  Canceling  equal  factors  from  both  dividend  and  divisor 
does  not  change  the  quotient. 

Canceling  a  factor  in  both  dividend  and  divisor  is  the  same 
as  dividing  them  both  by  the  same  number^  which,  by  the 
principle  of  division,  does  not  change  the  quotient. 

Write  the  numbers  forming  the  dividend  above  the  line, 
and  those  forming  the  divisor  below  it. 

68.  Example.— Divide  4x45x60  by  9x  24. 

Solution. — Placing  the  dividend  over  the  divisor,  and  canceling, 

1       5       10 

1       ^ 
1 

Explanation. — The  4  in  the  dividend  and  the  24  in  the 
divisor  are  both  divisible  by  4,  since  4  divided  by  4  equals  1, 
and  24  divided  by  4  equals  (3.  Cross  off  the  4  and  write  the  1 
over  it ;  also  cross  off  the  24  and  write  the  G  under  it.     Thus, 

1 

^  X  45  X  GO  _ 

60  in  the  dividend  and  6  in  the  divisor  are  divisible  by  G, 

since  60  divided  by  G  equals  10,  and  G  divided  by  G  equals  1. 

Cross  off  the  GO  and  write  10  over  it;  also  cross  off  the  G  and 

write  1  under  it.     Thus, 

1  10 

i  X  4o  x^^  _ 
9'x  '^i     ■" 

1 

Again,  45  in  the  dividend  and  9  in  the  divisor  are  divisible 
by   9,    since  45   divided   by  9  equals  5,   and  9  divided  by  9 
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equals  1.     Cross  off  the  45  and  write  the  5  over  it;  also  cross 
off  the  9  and  write  the  1  under  it.     Thus, 

1      5      10 

1      9 
1 

Since  there  are  no  two  remaining  numbers  (one  in  the  divi- 
dend and  one  in  the  divisor)  divisible  by  any  number  except  1, 
without  a  remainder,  it  is  impossible  to  cancel  further. 

Multiply  all  the  uncanceled  numbers  in  the  dividend 
together  and  divide  their  product  by  the  product  of  all  the 
uncanceled  numbers  in  the  divisor.  The  result  will  be 
the  quotient.  The  product  of  all  the  uncanceled  numbers  in 
the  dividend  equals  5  X  1  X  10  =  50;  the  product  of  all  the 
uncanceled  numbers  in  the  divisor  equals  1x1  =  1. 


1 


10 


Hence,  ^><^^></^  =  l4^><^  =  50.    Ans. 

9y.U  1x1 

1 


It  is  usual  to  omit  the  l*s  when  canceling,  instead  of  wri- 
ting them  as  above. 

69.  Rule. — I.  Cancel  the  common  factors  from  both  the 
dividend  and  the  divisor, 

II.  Then  divide  the  product  of  the  remaining  factors  of  the 
dividend  by  the  product  of  the  remaining  factors  of  the  divisor  ^ 
and  the  result  will  be  the  quotient. 


EXAMPLES  FOR  PRACTICE. 


70.     Divide : 

{a)     14  X  18  X  16  X  40  by  7  X  8  X  6  X  5  X  3. 

3  X  65  X  50  X  100  X  60  by  30  X  60  X  13  X  10. 


^7x8x6x5x3. 

3  X  65  X  50  X  100  X  60  by  30  X  60  X  13  X 

8X4X3X»X  11  by  11X9X4X3X8. 

164  X  321  X  6  X  7  X  4  by  82  X  321  X  7. 

50  X  100x200  X  72  by  1,000  X  144  X  100.       ^ 
(/)  48  X  63  X  55  X  49  by  7  X  21  x  11  X  48. 
(g)    110  X  150  X  84  X  32  by  11  X  15  X  100  x  64. 
\k)     115  X  120  X  400  X  1,000  by  23  X  1.000  X  60  X  800. 


(«) 

83. 

(« 

250. 

w 

1. 

(d) 

48. 

W 

6. 

(/) 

105. 

(^) 

42. 

(h)     6. 
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TRACTIONS. 

Remark. — If  a  stick  of  wood  is  divided  into,  say,  12  equal 
parts,  one  of  these  parts  is  called  a  twelfth.  If  we  take 
away  5  of  these  equal  parts,  we  shall  have  left  7  parts  or 
7-twelfths.  Since  it  would  be  very  inconvenient  to  spell  out 
the  names  of  the  number  of  parts  into  which  an  object  has 
been  (or  is  supposed  to  have  been)  divided,  mathematicians 
invented,  long  ago,  a  kind  of  a  shorthand  method  of  express- 
ing 7-twelfths,  25-forty-fifths,  etc.,  viz.:  they  wrote  the 
number  of  the  equal  parts  taken  or  considered  above  a 
horizontal  line,  and  called  this  number  the  numerator ; 
then  they  wrote  below  the  horizontal  line  the  number  which 
denoted  the  number  of  equal  parts  into  which  the  object  was 
supposed  to  be  divided,  and  called  it  the  denominator. 
Hence,  instead  of  writing  7-twelfths,  25-forty-fifths,  etc., 
they  wrote  y\,  f|,  etc. ;  but  they  read  them  the  same  as  if 
they  had  been  written  the  other  way. 

!•  A  fraction  is  one  or  more  equal  parts  of  a  unit.  One- 
half  ^  two-thirds^  seven-fifths  are  fractions. 

2.  Two  numbers  are  required  to  express  a  fraction ;  one 
is  called  the  numerator  and  the  other  the  denominator. 

3.  The  numerator  is  placed  above  the  denominator  with 
a  line  between  them,  as  \.  Here  3  is  the  denominator,  and 
shows  into  how  many  equal  parts  the  //;///,  or  one^  is  divided. 
The  numerator  2  shows  how  many  of  these  equal  parts  are 

§  1 
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18.  To  reduce  an  Improper  fracrtlon  to  a  ^wbole  or 

a  mixed  namber : 

Example. — Reduce  \»  to  a  mixed  number. 

Solution. —  4  is  contained  in  21.  5  times  and  1  remaining^;  as  this 
is  also  divided  by  4,  its  value  is  ^.  Therefore,  5  +  ^,  or  5^.  is  the  nam- 
ber.    Ans. 

19.  Rule. — Divide  the  numerator  by  the  eienotPtinator^ 

the  quotient  ivill  he  the  zihcle  number;  the  remainder^  if 
there  be  any,  «•///  be  the  numerator  of  the  fraetional  part^  of 
which  the  denominator  is  the  same  as  the  denominator  of  the 
improper  fraction, 

EX.VMPLES   FOR   PR^VCTICE. 

20«     Reduce  to  whole  or  mixed  numbers: 

id)    24J, 


(") 

M'- 

(*) 

'!'• 

w 

^%K 

(a) 

y\r. 

w 

\%- 

(/)  Vi^- 

Ans.^ 


(^)   eif. 
(0   ii«t- 

{d)    49|. 
U)    4. 
(/)  5. 


21«  A  common  denominator  of  two  or  more  fractions 
is  a  number  which  will  contain  all  the  denominators  of  the 
fractions  without  a  remainder.  The  least  common  denom- 
inator is  the  least  number  that  will  contain  all  the  denom- 
inators of  the  fractions  without  a  remainder. 

22.     To  find  the  least  common  denominator  x 

Example. — Find  the  least  common  denominator  of  ^,  J,  J,  and  ■^. 

Solution. — We  first  place  the  denominators  in  a  row,  separated  by 

commas. 

2  )  4.     \    9.  10 


2  )  2, 

3. 

9, 

8 

3)  1, 

3. 

9, 

4 

3)  1, 

1. 

3. 

4 

4)1. 

1, 

I, 

4 

1,  1,  1,  1 

2x2x3x3x4  —  144,  the  least  common  denominator.     Ana. 

ICxi'f^AN'ATioN:. — Divide  each  of  them  by  some  prime num- 
bcrr  whii  h  will  dividt^  at  l(*ast  two  of  them  without  a  remain- 
iliT  (if  possible),  i^ringing  down  those  denominators  to  the 
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REDUCTION    OF   FBACTIOX8. 

11.  Redaction  of  fractions  is  the  process  of  changing 
their  forms  without  changing  their  value, 

12.  A  fraction  is  reduced  to  higher  terms  by  multiplying 
both  terfns  of  the  fraction  by  the  same  number.  Thus,  }  is 
reduced  to  \  by  multiplying  both  terms  by  2. 

3X  2_6 
4  X  2  "  8' 

The  value  is  not  changed,  for  f  =  4. 

13.  A  fractiofi  is  reduced  to  lower  terms  by  dividing  both 
terms  by  the  same  number.  Thus,  ^  is  reduced  to  \  by  divi- 
ding both  terms  by  2. 

^-T-  2  _4 
10  ~  2  ~  5* 

14.  A  fraction  is  reduced  to  lowest  terms  when  its  numer- 
ator and  denominator  cannot  be  divided  by  the  same  number^ 
as  I,  f ,  \\. 

15.  To  reduce  a  whole  number  or  a  mixed  number 
to  an  Improper  fraction : 

Example  1. — How  many  fourths  in  5  ? 

Solution. — Since  there  are  4  fourths  in  1  (J  =  1),  in  5  there  will  be 
5x4  fourths,  or  20  fourths;  i.  e.,  5  X  |  =  V-     Ans. 

Example  2. — Reduce  8f  to  an  improper  fraction. 
Solution.—    8x|  =  V.    VH-f  =  V-    Ans. 

16.  Rule. — Multiply  the  whole  number  by  the  denomi- 
nator of  the  fraction^  add  the  numerator  to  the  product^  and 
place  the  denominator  under  the  result. 


KXAMPLES 

FOR 

PRAC-nCE. 

17. 

Reduce  to  improper 

fractions: 

(a)     4i. 

r(«) 

V. 

•(->)     5i. 

(-5) 

V- 

(c)     lOA. 

Ans.   . 

w 

w- 

W)    37f. 

('') 

Hi. 

{e)     SOf 

Lw 

»F. 
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ADDITION  OF  FRACTIONS. 

27.  Fractions  cannot  be  added  unless  they  have  a  common 
denominator.  We  cannot  add  J  to  |^  as  they  now  stand, 
since  the  denominators  represent  parts  of  different  sizes. 
Fourths  cannot  be  added  to  eighths. 

The  fractions  should  be  reduced  to  the  least  common 
denominator,  or  the  least  number  which  will  contain  all  the 
denominators. 

28.  Example. — Find  the  sum  of  J,  f ,  and  \, 

Solution. — The  least  common  denominator^  or  the  least  number 
which  will  contain  all  the  denominators,  is  8. 

i  =  l.   f  =  f,   and  i  =  f 

Explanation. — As  the  denominator  tells  or  indicates  the 
names  of  the  parts,  the  numerators  only  are  added  to  obtain 
the  total  number  of  parts  indicated  by  the  denominator. 

i  +  l  +  l=^±|^  =  y=lJ.     Ans. 

29.  Example  1.— What  is  the  sum  of  12f ,  14f ,  and  7^^  ? 
Solution. — The  least  common  denominator  in  this  case  is  16. 

12f  =  12iJ 
14|  =  \\\\ 

sum  33  -+-  f  J  =  33  +  IH  =  ^W-    Ans. 

The  sum  of  the  fractions  =  i  J  or  1}^,  which  added  to  the  sum  of  the 
whole  numbers  =  34|J. 

Example  2.— What  is  the  sum  of  17,  13^\,  ^y,  and  3^  ? 

Solution. — The  least  common  denominator  is  32.  13^^  =  13,Vt 
3i  =  3,V  17 

13A 

A 

sum    33 1 5     Ans. 

30.  Rnlo. — I.  Reduce  the  given  fractions  to  fractions 
having  the  least  common  denominator  and  write  the  sum  of 
the  numerators  over  the  common  denominator. 
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II.  When  there  are  mixed  numbers  and  whole  numbers^ 
add  the  fractions  first,  and  if  their  sum  is  an  improper  frac- 
tion, reduce  it  to  a  mixed  number  and  add  the  whole  number 
with  the  other  whole  numbers. 


EXAMPLES  Foil  PRACTICE. 

31.     Find  tlie  sum  of: 


(") 

*.  A.  «• 

(*) 

I.  A.  H 

(0 

*.  ♦.  A 

(</) 

1.  H.  H- 

(') 

1 1  •  A-  !!• 

(/)■ 

H.  it.  tt- 

(^) 

A.  A.  W 

(-*) 

?. «.  f 

Ans. 


r(«) 

lA- 

(li) 

lA 

w 

lA 

('0 

iH- 

('•) 

i|f 

(/) 

If. 

(.<') 

lA- 

(>») 

1. 

1.  The  weights  of  a  number  of  castings  were  412f  pounds, 
270|  pounds,  1,020  pounds,  75^  pounds,  and  68^  pounds.  What  was 
their  total  weight  ?  Ans.  1,847  lb. 

2.  Four  bolts  are  required,  2},  1|,  %^^,  and  m  inches  long.  How 
long  a  piece  of  iron  will  be  required  to  cut  them  from,  allowing  f  of  an 
inch  altogether  for  cutting  off  and  finishing  the  ends  ?        Ans.  9^  in. 


SITBTRACTIOX    OF    FRACTIONS. 

38.     Fractions  cannot  he  subtracted  without  first  reducing 
them  to  a  common  denominator. 

Example.— Subtract  |  from  }|. 
Solution. — The  common  denominator  is  16. 

13-6 


—     6 


T«-     i?  ~  A  —      1^      —  A-     Ans. 


33.  Example. — From  7  take  f. 

Solution.—    1=5;   therefore,  7  =  6  +  J  =  6S ;   6|  -  f  =  6|.     Ans. 

34.  Example. — What  is  the  difference  between  17/y  and  9J|  ? 

Solution. — The  common  denominator  of  the  fractions  is  32.     17-j*^ 
=  17  J^.  minuend    17J3 

subtrahend      9J| 

difference      bj'j    Ans. 


;*• 


tziizt: 


|i 


14. 


=  ^  - 


V  . - 


V  ;  ,        "     ^ 


iend   is 

r.irr.ttnii-  :c  :a:i:ip;c  "re   sub- 

-.  r-  Ti  nc  ♦  jz.  lie  ziinaend 

--  —  ni  --J  =    i.    Sluc^I 

11^      =    -.m  ?  =  *:  -4—  H 


c^Ik 


■••  • 


..  ■■  ^    ■       • 


7".    'V  - 


.  _  ^.  : 


nxrnuend 
1   "¥05  bonvwed 


*M.      Ki;I.  .      I 


'*  . 


II. 

.y;    /  -     ■     .,     ■-     .      -     - 

in.    :;  .\  : 


r"  ■•  - 


ft.  f  '  '/ 

ft  tin,,   ,/  h,  ft  fro,  f},  n    r.  /. .         ./.  ;■ 
tit  nnnit„,il..r    .,/   //„     frtt'fl'K    I n    ti 


sz'Ht   as  the 
:.  .:•:  i  tlace  it 
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EXAMPLBS   FOB  PRACTICE. 
38.     Subtract : 

{a)  if  from  {I 

(b)  AfromlJ. 

(c)  A  from  -fj^. 
{d)  ttfrom«. 

W  it  from  H. 

(J)  13i  from  801. 

ig)  12i  from  27. 

(A)  5i  from  30. 

1.  An  engineer  found  that  he  had  on  hand  48i  gallons  of  cylinder 
oil.  During  the  following  week  he  used  f  of  a  gallon  each  day  for 
three  days,  I  of  a  gallon  on  the  fourth  day,  \\  of  a  gallon  on  the  fifth 
day,  and  ^  of  a  gallon  on  the  sixth  day.  How  much  oil  remained  at 
the  end  of  the  week  ?  Ans.  43 }|  gal. 

2.  The  main  line  shaft  of  a  manufacturing  plant  is  run  by  an  engine 
and  waterwheel.  A  test  of  the  plant  showed  that  the  engine  was 
capable  of  developing  251  f  H.  P.  (horsepower),  and  the  waterwheel, 
under  full  gate,  67^  H.  P.  It  was  also  found  that  the  machinery  con- 
sumed 210|i  H.  P.,  and  the  friction  of  the  shafting  and  belting  was 
82|  H.  P.     How  much  power  remained  unused  ?  Ans.  76|JJ  H.  P. 


(«) 

1. 

(6) 

A 

(c) 

ih- 

i'f) 

A- 

('•) 

i- 

(/) 

17i. 

(ir) 

14*. 

(/') 

24). 

MUIiTIPlilCATIOX    OF    FRACTIONS. 

39.  /;/  multiplication  of  fractions  it  is  not  necessary  to 
reduce  the  fractions  to  fractions  having  a  common  denominator. 

Multiplying  the  numerator  or  dividing  the  denominator 
multiplies  the  fraction. 

Example. — Multiply  f  by  4. 

3x4 
Solution. —  f  X  4  =  -j         =  »/  =  3.     Ans. 

Or,  I  X  4  =  7       .  =  f  =  3.     Ans. 
4  -i-  4       * 

40,  The  word  **of  "  in  multiplication  of  fractions  means 
the  same  as  x ,  or  times.     Thus, 

J  of  4  =  J  X  4  =  :i 

i  ^^  t'c  —  i  ^   n;  —  if'ff- 
Example. — Multiply  |  by  2. 

3x2 
Solution.—  2x1  =  ^  -«  =  j.     Ans. 

Or,  2  X  g  =^  ^  ^  j^  ^  |.     Ans. 
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41.  Example. — What  is  the  product  of  ^  and  }  ? 

4X7 

vSoLUTiON.—  ^xj=^^g-  =  i%  =  A.     Ans. 

4x7  7 

Or,  by  cancelation,  WxS  ~  ilTH  ~  ^'    ^^^' 

4 

42.  Example.— What  is  f  of  }  of  fj  ? 

Solution.-  8  x  ^  x  3^  ^  8^2  =  ^'     ^'^^• 

2 

43.  Example. — What  is  the  product  of  9f  and  5|  ? 
Solution.—  9}  =  y ;  6|  =  V. 

V>^^'  =  TxT  =  '^*''  =  ^**-    ^''^• 

44.  Example.— Multiply  15J  by  3. 

Solution. —  15J  15J 

8    or         3 

47|  45~4-  V  =  45  +  21  =t  47|.     Ans. 

45.  Rule. — I.  Divide  the  product  of  the  mivicrators  by 
the  product  of  the  denominators.  A II  factors  common  to  the 
numerators  and  denominators  should  first  be  cast  out  by  can- 
celation. 

II.  To  multiply  one  mixed  number  by  another^  reduce 
them  both  to  improper  fractions. 

III.  To  multiply  a  mixed  number  by  a  whole  number^  first 
multiply  the  fractional  part  by  the  multiplier,  and  if  the 
product  is  an  improper  fraction,  reduce  it  to  a  mixed  num- 
ber and  add  the  whole  Jiumber  part  to  the  product  of  the  mul- 
tiplier and  the  whole  number. 


EXAMPLES  FOR  PRACTICE. 

46.      Find  the  product  of: 


(") 

7XA. 

^p) 

14  X  A. 

w 

JlxA. 

('') 

i?X4. 

w 

1SX7. 

(/) 

\'\\  X  7. 

(ir) 

\\\  X  38 

(/') 

it  X  14. 

Ans.  < 


(«) 

lA. 

ib) 

4|- 

(0 

« 

('0 

2*?- 

('•) 

7,',. 

(/) 

125. 

Kg) 

15. 

(//) 

7*. 
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1.  A  single  belt  can  transmit  107f  horsepower,  but  as  it  is  desired  to 
use  more  power,  a  double  belt  of  the  same  width  is  substituted  for  it. 
Supposing  the  double  belt  to  be  capable  of  transmitting  J^  as  much 
power  as  the  single  belt,  how  many  horsepower  can  be  used  after  the 
change  ?  Ans.  153J{  H.  P. 

2.  What  is  the  weight  of  2f  miles  of  copper  wire  weighing  5f  pounds 
per  100  feet  ?    There  are  5,280  feet  in  a  mile.  Ans.  7961J  lb. 

3.  The  grate  of  a  steam  boiler  contains  20^  square  feet.  If  the 
boiler  burns  8^^  pounds  of  coal  an  hour  per  square  foot  of  grate  area 
and  can  evaporate  7^  pounds  of  water  an  hour  per  pound  of  coal 
burned,  how  many  pounds  of  water  are  evaporated  by  the  boiler 
in  1  hour  ?  Ans.  l,27fti  lb. 

DIVISION    OP   FRACTIONS. 

47,  In  division  of  fractio7is  it  is  not  necessary  to  reduce 
the  fractio7is  to  fractions  having  a  cofftmon  denominator. 

48.  Dividing  the  numerator  or  multiplying  the  denomi- 
nator divides  the  fraction. 

Example  1. — Divide  f  by  3. 

Solution. — When  dividing  the  numerator^  we  have 

f-*-8  =  ^"^     =f  =  i.     Ans. 


¥ 


8 


When  multiplying  the  denominator^  we  have 

|-*-3  =  g^3  =  A  =  i-     Ans. 
Example  2. — Divide  ^  by  2. 
Solution.—  ^»y  ^  2  =  —         =  /,.    Ans. 

Example  3. — Divide  \\  by  7. 

14  —  7 
Solution.—        ^'^^~^'      =A  =  t^¥-    Ans. 

49.  To  invert  a  fraction  is  to  turn  it  upside  doiun;  that 
is,  make  the  numerator  and  denominator  change  places. 

Invert  f  and  it  becomes  \. 

50.  Example. — Divide  -f^  by  ^y. 

Solution. — 1.  The  fraction  -f^  is  contained  in  -f^^  3  times,  for 
the  denominators  are  the  same,  and  one  numerator  is  contained  in 
the  other  3  times.     2.     If  we  now   invert  the  divisor  ^  and  mul- 


tiply, the  solution  is 


3 


This  brings  the  same  quotient  as  in  the  first  case. 
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51.  Example. — Divide  |  by  i. 

Solution. — We  cannot  divide  |  by  i,  as  in  the  first  case  above,  for 
the  denominators  are  not  the  same ;  therefore,  we  must  solve  as  in  the 
second  case. 

2 

52.  Example  1. — Divide  5  by  {J. 
Solution. —    U  inverted  becomes  \i. 

Example  2. — How  many  times  is  3f  contained  in  7^\  ? 
Solution.—  H  =  ^;  Vv  =  W- 

^  inverted  equals  ^. 

119       4_1192<i_ll?^ 

16  ^  15  ""  ;^  X  15  "  60  ""  ^^'     ^"^ 
4 

63.  Rule. — Invert  the  divisor  and  proceed  as  in  multipli- 
cation, 

54.  We  have  learned  that  a  line  placed  between  two 
numbers  indicates  that  the  number  above  the  line  is  to  be 
divided  by  the  number  below  it.  Thus,  y-  shows  that  18  is 
to  be  divided  by  3.  This  is  also  true  if  a  fraction  or  a  frac- 
tional expression  be  placed  above  or  below  a  line. 

-  means  that  9  is  to  be  divided  by  f ;  '  means  that 

t  8  +  4: 


IG 
8  +  4 
16    • 


3  X  7  is  to  be  divided  by  the  value  of 

I  is  the  same  as  i  -r-  f . 
\ 

It  will  be  noticed  that  there  is  a  heavy  line  between  the  9 

and  the  f.     This  is  necessary,  since  otherwise  there  would 

be  nothing  to  show  as  to  whether  9  was  to  be  divided  by  ■§• 

or  \  was  to  be  divided  by  8.     W.henever  a  heavy  line  is  used, 

as  shown  here,  it  indicates  that  all  above  the  line  is  to  be 

divided  by  all  below  it. 
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65,  Whenever  an  expression  like  one  of  the  three  fol- 
lowing ones  is  obtained,  it  may  always  be  simplified  by 
transposing  the  denominator  from  above  to  below  the  line,  or 
from  below  to  above^  as  the  case  may  be,  taking  care,  how- 
ever, to  indicate  that  the  denominator  when  so  transferred 
is  a  multiplier. 

1.  I  =  gTT-j  =  A  =  tV  ;  for,  regarding  the  fraction 
above  the  heavy  line  as  the  numerator  of  a  fraction  whose 

denominator  is  9,  7:       .  =  ;; r,  as  before. 

'9X4      9X4' 

2.  T  =  — 7;. —  =  12.     The  proof  is  the  same  as  in  the  first 
i         3 

case. 

6       5x4 

3.  ^  =  o — Q  =  W  \    fo''>  regarding  \  as  the  numerator 

■I-  X  9  5 

of  a  fraction   whose  denominator  is  },  \      q  =  q — q»  ^^^ 

^  X  9       o  X  9 

5X45X4..  ,  4 

— —         = =  1^.  as  above. 

3X9  3X9      "' 

This  principle  may  be  used  to  great  advantage  in  cases  like 

- — — , ,  ^^, — .     Reducing  the  mixed  numbers  to  frac- 

40  X  4i  X  5|  ^ 

.u  •      u  i  X  310  X  fi  X  72      .,       ^ 

tions,  the  expression  becomes  - — ~^\ — .     Now  trans- 

'  ^  40  X  I  X  V^ 

ferring  the  denominators  of   the  fractions   and  canceling, 

;0     3     0         3 

1  X  310  X  27  X  72  X  2  X  6  _  1  X  ;SJ0  X  27  X  7;^  X  ii!  X  )^ 

40  X  9  X  31  X  4  X  12  (tp  X  ^  X  ^;  X  7I  X  ;52 

^  2 

=  V  =  13^.  % 

Greater  exactness  in  results  can  usually  be  obtained  by 
using  this  principle  than  can  be  obtained  by  reducing  the 
fractions  to  decimals.  The  principle,  however,  should  not 
be  employed  if  a  sign  of  addition  or  subtraction  occurs  cither 
above  or  below  the  dividing  line. 
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EXAMPLirS  FOR  PBACTICB. 


56,     Divide: 


(a)  15by6f. 

(6)  80byf 

(f)  172  by  f 

W  ilbylA- 

W  i8»byl4f. 

(/)  WbylTJ. 

Or)  «byW- 


Ans. 


(^)  40. 

(r)  215, 

id)  m- 

(/)  *r- 

(^)  -tt- 


1.  A  |-inch  boiler  plate  containing  24  square  feet  of  surface  weighs 
802j*<j  pounds.     What  is  its  weight  i>er  square  foot  ?  Ans.  15^^^  lb. 

2.  A  certain  boiler  has  927^  square  feet  of  heating  surface,  which  is 
equal  to  35  times  the  area  of  the  grate.  What  is  the  area  of  the  grate 
in  scjuare  feet  ?  Ans.  26^  sq.  ft. 

3.  If  the  distance  around  the  rim  of  a  locomotive  driving  wheel  is 
13, *j  feet,  how  many  revolutions  w^ill  the  wheel  make  in  traveling 
682  feet  ?  Ans.  62^  rev. 


ARITHMETIC. 

(PART  8.) 


DECIMALS. 

!•  Decimals  are  tenth  fractions ;  that  is,  the  parts  of  a 
unit  are  expressed  on  the  scale  of  ten,  as  tent/is^  hundredths, 
thousandths,  etc. 

2.  The  denomiiiator ,  which  is  always  10,  100,  1,000,  etc., 
is  not  expressed,  as  it  would  be  in  fractions,  by  writing  it  under 
the  numerator  with  a  line  between  them,  as  ^^^  yf  ^,  yt^,  but 
is  expressed  by  placing  a  period  (.),  which  is  called  a 
decimal  point,  to  the  left  of  the  figures  of  the  numerator, 
to  indicate  that  the  figures  on  the  right  form  the  numerator 
of  a  fraction  whose  denominator  is  ten,  one  huftdred,  one 
thousand,  etc. 

3.  The  reading  of  a  decimal  number  depends  upon  the 
number  of  decimal  places  in  it,  i.  e.,the  number  of  figures 
to  the  right  of  the  decimal  point. 

One  decimal  place  expresses  tenths. 
Two  decimal  places  express  hundredths. 
Three  decimal  places  express  thousandths. 
Four  decimal  places  express  ten-thousandths. 
Five  decimal  places  express  hundred-thousandths. 
Six  decimal  places  express  millionths, 

§1 

For  notice  of  copyright,  see  page  immediately  following  the  title  page. 
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§1 


and  in  decimals  the  left-hand  side  must  be  in  line,  which 
brings  the  decimal  points  directly  under  one  another. 


whole  numbers 

decimals 

mixed  numbers 

842 

.842 

842.082 

4284 

.4284 

4284.5 

26 

.2  6 

26.6782 

8 

Ans. 

sum 

.0  8 

sum 

8.06 

A 

sum    4605 

1.05  5  4    Ans. 

4606.2702 

ns. 

8,     Example. - 

-What   is 

the  sum  of 

242. 

.86, 

118.725,    1.005. 

6. 

and  100.1? 

Solution. 

242. 

.8  6 
118.725 

1.00  5 

6. 
10  0.1 

sum    4  6  8.190    Ans. 

9.  Rule. — Place  the  numbers  to  be  added  so  that  the  deci- 
mal points  will  be  directly  under  one  another.  Add  as  in 
whole  numbers,  and  place  the  decimal  point  in  the  sum  directly 
under  the  decimal poiftts  above. 


Ans. 


{a)  8.7652. 

(b)  805.9647. 

(c)  204.5078. 

(d)  225.9814. 

(e)  234.8285. 
(/)  1,487.7601. 
{g)  2,640.6148. 
{k)  4,589.02625. 


EXAMPLES   FOR  PRACTICE. 

10.     Find  the  sum  of: 

(a)  .2143,  .105,  2.3042,  and  1.1417. 

{b)  783.5,  21.473.  .2101,  and  .7816. 

{c)  21.781,  138.72.  41.8738,  .72.  and  1.413. 

{(i)  .3724,  104.15,  21.417,  and  100.042. 

{e)  200.172.  14.105,  12.1465,  .705,  and  7.2. 

(/)  1,427.16,  .244.  .32,  .032.  and  10.0041. 

ig)  2,473.1,  41.65,  .7243,  104.067,  and  21.073. 

(//)  4,107.2.  .00375,  21.716,  410.072,  and  .0345. 

1.  The  estimated  weights  of  the  parts  of  a  return-tubular  boiler  were 
as  follows:  shell,  3.626  pounds;  tubes,  3.504.5  pounds;  manhole  cover, 
ring,  and  yoke,  270.34  pounds;  stays,  etc.,  1,089.4  pounds;  steam 
nozzles,  236.07  pounds;  handhole  covers  and  yokes,  120.25  pounds; 
feedpipe,  34.75  pounds;  boiler  supports,  350.6  pounds.  What  was  the 
total  estimated  weight  of  the  boiler  ?  Ans.  9,291.91  lb. 

2.  A  bill  for  engine-room  supplies  had  the  following  items:  1  waste 
can,  $8.30;  20  feet  of  4-inch  belting.  $11.20;  1  pipe  wrench,  $1.66; 
12  pounds  of  waste.  $0.84;  5  gallons  of  cylinder  oil,  §8.75;  20  gallons  of 
machine  oil,  |24.     How  much  did  the  bill  amount  to  ?  Ans.  VA.1L, 
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SUBTRACTION   OF   DECIMAIiS. 

11.  For  the  same  reason  as  in  addition  of  decimals,  the 
left-hand  figures  of  decimal  numbers  are  placed  in  line  and 
the  decimal  points  under  each  other. 

Example. — Subtract  .182  from  .8068. 

Solution. —  minuend    .3068 

subtrahend    .13  2 


difference    .17  4  8    Ans. 

12.     Example. — What  is  the  difference  between  7.895  and  .725  ? 

Solution. —  minuend    7.8  9  5 

subtrahend      .7  2  5 


difference    7.1  7  0,  or  7.17    Ans. 


13.     Example. — Subtract  .625  from  11. 

Solution. —  minuend    1  1.0  0  0 

subtrahend         .6  2  5 


difference    1  0.3  7  5    Ans. 

14.  Rule. — Place  the  subtrahend  under  the  minuend^  so 
that  the  decimal  points  will  be  directly  under  each  other. 
Subtract  as  in  whole  numbers^  and  place  the  decimal  point  in 
the  remainder  directly  under  the  decimal  points  above. 

When  the  figures  in  the  decimal  part  of  the  subtrahend 
extend  beyond  those  in  the  minuend^  place  ciphers  in  the 
minuend  above  them  and  subtract  as  before. 


EXAMPLES  FOR  PRACTICE. 

•     From: 

(a) 

407.385  take  235.0004. 

'(«) 

172.3846. 

(^) 

22.718  take  1.7042. 

(*) 

21.0138. 

W 

1.368.17  take  13.6817. 

w 

1,354.4883 

W 

70.00017  take  7.000017. 

Ans.  -< 

(<^) 

63.000153. 

W 

630.630  take  .6304. 

A  Jk&**J. 

(«•) 

629.9996. 

(/) 

421.73  take  217.162. 

(/) 

204.568. 

U) 

1.000014  take  .00001. 

U) 

1.000004. 

(h) 

.783652  take  .542314. 

U-i) 

.241338. 

42  ARITHMETIC.  g  1 

1.  If  the  temperature  of  steam  at  5  pounds  pressure  is  227.964 
degrees  and  at  100  pounds  pressure  is  337.874  degrees,  how  many 
degrees  hotter  is  the  steam  at  the  higher  pressure  ? 

Ans.  109.91  degrees. 

2.  The  outside  diameter  of  2^inch  wrought-iron  pipe  is  2.87  inches 
and  the  inside  diameter  is  2.46  inches.     How  thick  is  the  pipe  ? 

Ans.  .41  -f-  2  =  .205  in. 

3.  In  a  cistern  that  will  hold  326.5  barrels  of  water  there  are 
178.625  barrels  ?    How  much  does  it  lack  of  being  full  ? 

Ans.  147.875  bbl. 

4.  A  wrought-iron  rod  is  2.58  inches  in  diameter.  What  must  be 
the  thickness  of  metal  turned  off,  so  that  the  rod  will  be  2.495  inches  in 
diameter  ?  Ans.  .035  -*-  2  =  .0175  in. 


MUIiTIPIilCATION   OF   DECIMAIiS. 

16.  In  multiplication  of  decimals,  we  do  not  place  the 
decimal  points  directly  under  each  other  as  in  addition  and 
subtraction.  We  pay  no  attention  for  the  time  being  to  the 
decimal  points.  Place  the  multiplier  under  the  multiplicand, 
so  that  the  right-hand  figure  of  the  one  is  under  the  right- 
hand  figure  of  the  other,  and  proceed  exactly  as  in  multi- 
plication of  whole  numbers.  After  multiplying,  count  the 
number  of  decimal  places  in  both  multiplicand a7td  multiplier ^ 
and  point  off  the  same  number  i?t  the  product. 

Example.— Multiply  .825  by  13. 

Solution. —   multiplicand        .8  2  5 

multiplier  1  3 


2475 

825 


product    10.7  2  5    Ans. 

In  this  example  there  are  3  decimal  places  in  the  multi- 
plicand and  none  in  the  multiplier;  therefore,  3  decimal 
places  are  pointed  off  in  the  product. 

17.     Example. — What  is  the  product  of  426  and  the  decimal  .005? 

Solution. —       multiplicand       4  2  6 

multiplier      .005 

product    2.1  3  0,  or  2.13    Ans. 
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In  this  example  there  are  3  decimal  places  in  the  multi- 
plier and  none  in  the  multiplicand;  therefore,  3  decimal 
places  are  pointed  off  in  the  product. 

18.  It  is  not  necessary  to  multiply  by  the  ciphers  on  the 
left  of  a  decimal ;  they  merely  determine  the  number  of  decU 
vtal  places.  Ciphers  to  the  right  of  a  decimal  should  be 
omitted,  as  they  only  make  more  figures  to  deal  with  and 
do  not  change  the  value. 

19.  Example.— Multiply  1.205  by  1.15. 

Solution. — 

multiplicand  1.2  0  5 

multiplier  1.15 

6025 
1205 
1205 


product    1.3  8  5  7  5    Ans. 

In  this  example  there  are  3  decimal  places  in  the  multi- 
plicand and  2  in  the  multiplier;  therefore,  3+  *^,  or  5,  deci- 
mal places  must  be  pointed  off  in  the  product. 

20.  Example.— Multiply  .232  by  .001. 

Solution. — 

multiplicand  .2  3  2 

multiplier  .0  0  1 

product    .000232    Ans. 

In  this  example  we  multiply  the  multiplicand  by  the  digit 
in  the  multiplier,  which  gives  232  for  the  product ;  but  since 
there  are  3  decimal  places  each  in  the  multiplier  and  multi- 
plicand, we  must  prefix  3  ciphers  to  the  232  to  make  3+3, 
or  6,  decimal  places  in  the  product 

21.  Rule. — Place  the  multiplier  under  the  multiplicand^ 
disregarding  the  position  of  the  decimal  points.  Multiply  as 
in  whole  numbers^  and  in  tJie  product  point  off  as  many  deci- 
mal places  as  there  are  decimal  places  in  both  multiplier  and 
multiplicand^  prefixing  ciphers  if  necessary. 
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Ans. 


((") 

.0020877656. 

(b) 

4,803.84. 

(c) 

81.012698. 

id) 

.0115477. 

W 

1,783.52. 

(/) 

.000002025. 

(g) 

.00001428. 

(h) 

.00000032. 

exampl.es  for  practice. 

!8!8.     Find  the  product  of: 

(a)  .000492x4.1418. 

(b)  4.003.2  X  1.2. 
{€)  78.6581  X  1.08. 
(d)  .8685  X  .042. 
{e)  178,852  X  .01. 
(/)  .00045  X  .0046. 
{g)  . 714  X. 00002. 
{A)  .00004  X  .008. 

1.  The  stroke  of  an  engine  was  found  by  measurement  to  be 
2.987  feet.  How  many  feet  will  the  crosshead  pass  over  in  600  revolu- 
tions ?  Ans.  3,584.4  ft. 

2.  If  a  steam  pump  delivers  2.89  gallons  of  water  per  stroke  and 
runs  at  51  strokes  a  minute,  how  many  gallons  of  water  would  it  pump 
in  58^  minutes  ?  Ans.  7,130.565  gal. 

3.  Wishing  to  obtain  the  weight  of  a  connecting-rod  from  a  drawing, 
it  was  calculated  that  the  rod  contained  294.8  cubic  inches  of  wrought 
iron,  68.5  cubic  inches  of  brass,  and  10.4  cubic  inches  of  Babbitt.  Assu- 
ming the  weight  of  wrought  iron  to  be  .278  pound  per  cubic  inch,  of 
brass  .303  pound,  and  of  Babbitt  .264  pound,  what  was  the  weight  of 
the  rod?  Ans.  103.941b. 


DIVISION  OF  DECIMAIiS. 

33.  In  division  of  decimals  we  pay  no  attention  to  the 
decimal  point  until  after  the  division  is  performed.  The 
number  of  decimal  places  hi  the  dividend  must  equal  (or  be 
made  to  equal  by  annexing  ciphers^  the  number  of  decimal 
places  in  the  divisor.  Divide  exactly  as  in  whole  numbers. 
Subtract  the  nmnber  of  decimal  places  in  the  divisor  from 
the  number  of  decimal  places  in  the  dividend^  and  point  off 
as  many  decimal  places  ift  the  quotient  as  are  indicated  by 
the  remainder. 


Example. - 
SoLUTION.■ 


-Divide  .625  by  25. 

divisor  dividend  quotient 
2  5  )  .6  2  5  (  .0  2  5    Ans. 
50 

725 
125 


remainder        0 
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In  this  example  there  are  no  decimal  places  in  the  divisor 
and  3  decimal  places  in  the  dividend;  therefore,  there 
are  3  minus  0,  or  3,  decimal  places  in  the  quotient.  One 
cipher  has  to  be  prefixed  to  the  25  to  make  the  3  deci- 
mal places. 

34.     Example.— Divide  6.086  by  .05. 

divisor   dividend   quotient 
Solution.—  .0  5)6.0  8  5(120.7    Ans. 

5 

10 

L^ 

85 
85 

remainder      0 

In  this  example  we  divide  by  5,  as  if  the  cipher  were  not 
before  it.  There  is  1  more  decimal  place  in  the  dividend 
than  in  the  divisor;  therefore,  1  decimal  place  is  pointed 
off  in  the  quotient. 

26,     Example.— Divide  .125  by  .005. 

divisor    dividend   quotient 

Solution.—  .0  0  5  ) .  1  2  5  (  2  5    Ans. 

10 

25. 
remainder      0 

In  this  example  there  are  the  same  number  of  decimal 
places  in  the  dividend  as  in  the  divisor;  therefore,  the  quo- 
tient has  no  decimal  places  and  is  a  whole  number. 

26.     Example.— Divide  326  by  .25. 

divisor    dividend    quotient 

Solution.—  .2  5  )  3  2  6.0  0  ( 1  3  0  4    Ans. 

25 

"76 
75 

"Too 

100 
remainder         0 
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In  this  problem  two  ciphers  were  annexed  to  the  dividend, 
to  make  the  number  of  decimal  places  equal  to  the  number 
in  the  divisor.     The  quotient  is  a  whole  number. 

27,     Example.— Divide  .0025  by  1.25, 

divisor     dividend     quotient 

Solution.—  1.2  5  )  .0  0  2  5  0  ( .0  0  2    Ans. 

250 


remainder       0 

Explanation. — In  this  example  we  are  to  divide  .0025  by 
1.25.  Consider  the  dividend  as  a  whole  number,  i.  e.,  as  25 
(disregarding  the  two  ciphers  at  its  left,  for  the  present) ; 
also,  consider  the  divisor  as  a  whole  number,  i.  e.,  as  125. 
It  is  clearly  evident  that  the  dividend,  25,  will  not  contain 
the  divisor,  125;  we  must,  therefore,  annex  one  cipher  to 
the  25,  thus  making  the  dividend  250.  125  is  contained 
twice  in  250,  so  we  place  the  figure  2  in  the  quotient.  In 
pointing  off  the  decimal  places  in  the  quotient,  it  must  be 
remembered  that  there  were  only  4  decimal  places  in  the 
dividend;  but  one  cipher  was  annexed,  thereby  making 
4+1,  or  5,  decimal  places.  Since  there  are  5  decimal 
places  in  the  dividend  and  2  decimal  places  in  the  divisor, 
we  must  point  off  5  —  2,  or  3,  decimal  places  in  the  quotient. 
In  order  to  point  off  3  decimal  places,  two  ciphers  must  be 
prefixed  to  the  figure  2,  thereby  making  .002  the  quotient. 
It  is  not  necessary  to  consider  the  ciphers  at  the  left  of  a 
decimal  when  dividing,  except  when  determining  the  posi- 
tion of  the  decimal  point  in  the  quotient. 

28.  Rule. — I.  Place  the  divisor  to  the  left  of  the  dividend 
and  proceed  as  in  division  of  whole  numbers  ;  in  the  quotient^ 
point  off  as  many  decimal  places  as  the  number  of  decimal 
places  ifi  the  divide  fid  exceeds  the  number  of  decimal  places 
in  the  divisor,  prefixing  ciphers  to  the  quotient,  if  necessary, 

II.  If  in  dividing  one  whole  number  by  another  there  be 
a  remainder,  the  remainder  can  be  placed  over  the  divisor  as 
a  fractional  part  of  the  quotient ;  but  it  is  generally  better  to 
annex  ciphers  to  the  remainder  and  continue  dividing  until 
there  are  three  or  four  decimal  places  in  the  quotient ^  and 
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then  if  there  still  be  a  remainder ^  terminate  the  quotient  by 
the  plus  sign  (+),  ii*hieh  shozcs  that  it  ean  be  earricd  farther. 

29.     Example. — ^Whal  is  the  quotient  of  199  divided  by  15  ? 

dh'tsor  dividend  quotient 

Solution.—  15)199(13-}-^    Ans. 

15 


49 
45 


remainder 


Or,    1  5  )  1  9  9.0  0  0  (  1  3.2  6  6-r    -Ans. 
15 

~49 
45 

~40 
30 

Too 

90 

foo 

90 


remainder        1 0 

13^5  =  13.266-r 

It  very  frequently  happens,  as  in  the  above  example,  that 
the  division  will  never  terminate.  In  such  cases,  decide  to 
how  many  decimal  places  the  division  is  to  be  carried  and 
carry  the  work  one  place  farther.  If  the  last  ti^^ure  of  the 
quotient  thus  obtained  is  5  or  a  greater  number,  inc  rease 
the  preceding  figure  by  1,  and  write  after  it  the  minus  si^n 
(  —  ),  thus  indicating  that  the  (juotient  is  not  quite  as  hir^e 
as  indicated;  if  the  figure  thus  obtained  is  less  than  o, 
write  the  plus  sign  (+)  after  the  quotient,  thus  indicating: 
that  the  number  is  slightly  greater  than  as  indicated.  In 
the  last  example,  had  it  been  desired  to  obtain  the  answer 
correct  to  four  decimal  places,  the  work  would  have  been 
carried  to  five  places,  obtaining  i:^*2»H'»'lJl,  and  the  answer 
would  have  been  given  as  l.*^*2»'»'J7~.  This  remark  applies 
to   any  other    calculation   involving   decimals,   when  it  is 
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desired  to  omit  some  of  the  figures  in  the  decimal.  Thus, 
if  it  is  desired  to  retain  three  decimal  places  in  the  number 
.2471253,  it  would  be  expressed  as  .247+;  if  it  was  desired 
to  retain  five  decimal  places,  it  would  be  expressed  as  .24713— . 
Both  the  +  and  —  signs  are  frequently  omitted ;  they  are 
seldom  used  outside  of  arithmetic,  except  in  exact  calcula- 
tions, when  it  is  desired  to  call  particular  attention  to  the 
fact  that  the  result  obtained  is  not  quite  exact. 


(o) 

43.06. 

(i) 

1.52. 

W 

10. 

(d) 

.00008 

(^) 

.6. 

(/) 

.008. 

(£■) 

.00001. 

(A) 

50. 

EXAMPL.E8  FOR  PRACTICE. 
30.     Divide : 

(a)  101.6688  by  2.36. 

(d)  187.12264  by  123.107. 
(c)  .08  by  .008. 
(//)  .0003  by  3.75.  ^^^ 

(e)  .0144  by  .024. 
(/)  .00375  by  1.25. 
(^)  .004  by  400. 
(A)  .4  by  .008. 

1.  In  a  steam-engine  test  of  an  hour's  duration,  the  horsepower 
developed  was  found  to  be  as  follows  at  10-minute  intervals  :  25.73, 
25.64.  26.13,  25.08,  24.20,  26.7,  26.34.  What  was  the  average  horse- 
power ?  Ans.  25.6886—,  average. 

Note. — Add  the  different  horsep>owers  together  and  divide  by  the 
number  of  tests,  or  7. 

2.  There  are  31.5  gallons  in  a  barrel.  How  many  barrels  are  there 
in  2,787.75  gallons  ?  Ans.  88.5  bbl. 

3.  A  carload  of  18.75  tons  of  coal  cost  $60.75.  How  much  was  it 
worth  per  ton?  Ans.  $3.24  per  ton. 

4.  A  keg  of  j'y'  X  If  boiler  rivets  weighs  100  pounds  and  con- 
tains 595  rivets.     What  is  the  weight  of  one  of  the  rivets  ? 

Ans.  .168-+-  lb. 


TO  REDUCE  A  FRACTION  TO  A  DECIMAIi, 

31.     Example  1. —    f  equals  what  decimal  ? 

Solution.—  4  )  3.0  0 

.7  5,  or  f  =  .75    Ans. 
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Example  2. — ^What  decimal  is  equivalent  to  {  ? 


Solution. — 


8  )  7.0  0  0  (  .8  7  5 
64 


5  6        or}  =  .875.     Ans, 

"40 
40 

32.  Rule. — Annex  ciphers  to  the  nnmerator  and  divide 
by  the  denominator.  Point  off  as  many  decimal  places  in  the 
quotient  as  there  are  ciphers  annexed. 


EXAMPLES  FOR  PRACTICE. 


33.     Reduce  the  following  common  fractions  to  decimals: 


(«)    H- 

rw 

.46875. 

(*)    f 

(i) 

.875. 

W    H- 

(c) 

.65625. 

i'i) 

.796875. 
.16. 

(/)  1- 

(/) 

.625. 

(g)  ^■ 

ig) 

.05. 

(^)     nAre- 

(/') 

W 

.004. 

34.     To  reduce  Inches  to  clecinial  parts  of  a  foot : 

Example. — What  decimal  part  of  a  foot  is  9  inches  ? 

Solution. — Since  there  ara  12  inches  in  I  foot,  1  inch  is  ,V  of  a  foot 
and  9  inches  is  9  X  ^%^  or  j*j  of  a  foot.  This  reduced  to  a  decimal  by 
the  above  rule  shows  what  decimal  part  of  a  foot  9  inches  is. 

1  2  )  9.0  0  j(  .7  5  of  a  foot.    Ans. 
84 

"60 
60 


35.     Rule. — I.      To  reduce  inches  to  a  decimal  part  of  a 
footy  divide  the  number  of  inches  by  12, 


J.    I.— 6 
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II.  Should  the  resulting  decimal  be  an  unending  one,  and 
it  is  desired  to  terminate  the  division  at  some  point,  say  the 
fourth  deeimal  place,  carry  the  division  one  place  farther, 
and  if  the  fifth  figure  is  5  or  greater,  increase  the  fourth 
figure  by  i,  omitting  the  signs  +  and  — . 


(<») 

3  in. 

Kb) 

4iin. 

W 

5  in. 

(rf) 

OHn- 

W 

11  in. 

exampl.es  for  practice. 

36.     Reduce  to  the  decimal  part  of  a  foot : 

(rt)  .25  ft. 

(,b)  .375  ft 

Ans.  \  (r)  .4167  ft. 

{d)  .5521  ft. 

(e)  .9167  ft. 

1.  The  lengths  of  belting  required  to  connect  three  countershafts 
with  the  main  line  shaft  were  found  with  the  tape  measure  to  be  27  feet 
4  inches,  23  feet  8  inches,  and  38  feet  6  inches.  How  many  feet  of 
belting  were  necessary  ?  Ans.  89.5  ft. 

2.  The  stroke  of  an  engine  is  14  inches.  What  is  the  length  of  the 
crank  in  feet  measured  from  center  of  shaft  to  center  of  crankpin, 
knowing  that  length  of  crank  is  one-half  the  stroke  ?      Ans.  .5833-h  ft. 

3.  A  steam  pipe  fitted  with  an  expansion  joint  was  found  to  expand 
1.668  inches  when  steam  was  admitted  into  it.  How  much  was  its 
expansion  in  decimal  parts  of  a  foot  ?  Ans.  .139  ft 


TO  RKDUCE  A  DECIMATi  TO  A  FRACTION. 

37.  Example  1. — Reduce  .125  to  a  fraction. 
Solution. —    .125  =  -^^^  =  ^^  —  i.    Ans. 

Example  2. — Reduce  .875  to  a  fraction. 
Solution. —    .875  =  /oVo  =  -5§  =  I-    Ans. 

38.  Iliile. —  lender  the  figures  of  the  decimal,  place  1  with 
as  many  ciphers  at  its  right  as  there  are  decimal  places  in  the 
decimal,  and  reduce  the  resulting  fraction  to  its  lowest  terms 
by  dividing  both  numerator  and  denominator  by  the  same 
number. 
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EXAMPLES  FOR  PRACTICE. 


39. 


Reduce  the  following  to  common  fractions: 

{a)    .875. 

[(«)  t- 

{d)     .625. 

(*)  ♦• 

(c)     .8125. 

W    A- 

{d)    .04. 

Ans.  - 

('')  A- 

(<r)     .06. 

W    A- 

(/)   .75. 

(/)  *• 

(^)   .15625. 

(^)  A- 

(A)    .875. 

.(*)   i. 

40.  To  express  a  decimal  approximately  us  a  fi*ac- 
tloii  liavlnfiT  a  g^ven  denominator : 

Example  1. — Express  .5827  in  64ths. 
Solution.—    .5827  X  IJ  =  — Wr — ,  say  f|. 
Hence,  .5827  =  |J,  nearly.    Ans. 

Example  2.— Express  .3917  in  12ths. 

on.«      t.      4.7004 
Solution.—    .3917  X  44  =  — ?^— •  say  ^. 

Hence,  .3917  =  ^,  nearly.     Ans. 

41.  Rule. — Reduce  1  to  a  fraction  haviiii^  the  given 
denominator.  Multiply  the  given  decimal  by  the  fraction 
so  obtained^  and  the  result  will  be  the  fraction  required. 


43 


««• 


EXAMPLES  FOR 

PRACTICE. 

Express: 

(a)    .625  in  8ths. 

fW 

♦• 

{If)     .3125  in  lOths. 

(h) 

R 

(r)     .15625  in  :V.Ms. 

Ans.   ^ 

('■) 

IS  a 

(d)    .77  in  64ths. 

A  At  1  ^%.j% 

i'l) 

li 

\e)     .81  in  48ths. 

('■) 

4  4 

(/)   .923  in  96ths. 

U/) 

ss 

43.     The  sign  for  dollars  is  ^.     It  is  read  dollars. 
read  25  dollars. 


*25  is 
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Since  there  are  100  cents  in  a  dollar,  1  cent  is  1  one- 
hundredth  of  a  dollar;  the  first  two  figures  of  a  decimal  part 
of  a  dollar  represent  cents.  Since  a  mill  is  ^V  ^^  *^  cent,  or 
■=PjVir  ^^  ^  dollar,  the  third  figure  represents  mills. 

Thus,  $25.16  is  read  twenty -five  dollars  and  sixteen  cents  ; 
$25,168  is  read  twenty-five  dollars  sixteen  cents  and  eight 
mills.  

SIGNS  OF  AGGREGATION. 

44.     The  vinculum ,  parenthesis  ( ),  brackets  [  ], 

and  brace  j  }  are  called  symbols  of  ajyrgTi^sratlon,  and  are 
used  to  include  numbers  which  are  to  be  considered  together ; 
thus,  13  X  8  —  3,  or  13  X  (8  —  3),  shows  the  3  is  to  be  taken 
from  8  before  multiplying  by  13. 


13  X  8  -  3  =  13  X  6  =  65.     Ans. 
13  X  (8  —  3)  =  13  X  5  =  65.     Ans. 

When  the  vinculum  or  parenthesis  is  not  used,  we  have 
13  X  8  -  3  =  104  -  3  =  101.     Ans. 

45.  In  any  series  of  numbers  connected  by  the  signs  +, 
— ,  X,  and  -7-,  the  operations  indicated  by  the  signs  must  be 
performed  in  order  from  left  to  right,  except  that  no  addition 
or  subtraction  may  be  performed  if  a  sign  of  multiplication  or 
dWision  follows  the  number  on  the  right  of  a  sign  of  addition 
or  subtraction  until  the  indicated  multiplication  or  division 
has  been  performed.  In  all  cases  the  sign  of  multiplication 
takes  the  precedence,  the  reason  being  that  when  two  or 
more  numbers  or  expressions  are  connected  by  the  sign  of 
multiplication,  the  numbers  thus  connected  are  regarded  as 
factors  of  the  product  indicated,  and  not  as  separate  numbers. 

Example.— What  is  the  value  of4x24-84-17? 

Solution. — Performing  the  operations  in  order  from  left  to  right, 
4  X  24  =  96;  96  -  8  =  88;  88  -h  17  =  105.     Ans. 

4G«  Example. — What  is  the  value  of  the  following  expression: 
1,290  -*-  12  +  160  -  22  X  ^  ? 

Solution.—  1,296  ^  12  =  108  ;  108  +  160  =  268;  here  we  cannot 
subtract  22  from  268  because  the  sign  of  multiplication  follows  22; 
hence,  multiplying  22  by  3^,  we  get  77.  and  268  -  77  =  191.     Ans. 
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Had  the  above  expression  been  written  1,296  -^  12  +  100 
—  22  X  3^  -V-  7  +  25,  it  would  have  been  necessary  to  have 
divided  22  X  3J^  by  7  before  subtracting,  and  the  final  result 
would  have  been  22  x  3J  =  77 ;  77  -h  7  =  11 ;  268  -  11  =  x>57 ; 
257  +  25  =  282.  Ans.  In  other  words,  it  is  necessary  to  per- 
form all  the  multiplication  or  division  included  between 
the  signs  -j-  and  — ,  or  —  and  +,  before  adding  or  subtracting^. 
Also,  had  the  expression  been  written  1,296  -i-  l*i  +  160  —  'l\\ 
-v-  7  X  3^  +  25,  it  would  have  been  necessary  to  have  multi- 
plied 3^-  by  7  before  dividing  24^,  since  the  sign  of  multiplica- 
tion takes  the  precedence,  and  the  final  result  would  have 
been  3i  X  7  =  24J;  24  J  -^  24^  =  1 ;  268  -  1  =  267 ;  267  +  25 
=  292.     Ans. 

It  likewise  follows  that  if  a  succession  of  multiplication 
and  division  signs  occurs,  the  indicated  operations  must  imt 
be  performed  in  order,  from  left  to  right — the  multiplica- 
tion must  be  performed  first.  Thus,  24  X  3  -j-  4  x  2  -4-  9  X  •"> 
=  |.  Ans.  In  order  to  obtain  the  same  result  that  w<nil(l 
be  obtained  by  performing  the  indicated  operations  in  order, 
from  left  to  right,  symbols  of  aggregation  must  be  usrd. 
Thus,  by  using  two  vinculums,  the  last  expressi<^n  becomes 
24  X  3  -7-^  X  2-7-9  X  5  =  20,  the  same  result  that  wouhl  be 
obtained  by  performing  the  indicated  operations  in  order, 
from  left  to  right. 


EX^VMPLICS   FOR   PUAC'TICE. 
47.      Find  the  values  of  the  following  expressions: 


(a)  (8-+- 5—1) -I- 4.  f  {a) 

{b)  5x24-32.  (■)  .^s. 

(f)  5x24-*- 15.  {:')  s. 

(^)  144-5x24.  .  /;  -4. 

{e)  (1.691  -  540  -h  5o9)  -i-  3  x  'u.  Ans.  \   , ,  ,  ],,. 

(/)  2.080  4- 120-  80  X  4  -  1,070. 


{g)     (90  4-  60  -I-  25)  X  5  -  29. 
(Ji)     90  +  60-1-25x5. 


ARITHMETIC 

(PART  4.1 


PERCEXTAGE. 


DEFIXITIOXS  AXD  PRIXCIPLES. 

1.     In  certain  operation?,  particularly  th^se  j>rr:ainir-j  : 
business,  it  is  very  convenient  to  re;;rarl  :h'j  •:.::!:::::/ 
which   we  are  to  operate  as  bein;^  divi-i-'i   ::.:•■   I" 
parts;  thus,  instead  of  using  the  ordinary  fr:i' ::   :.-    ■. 


II  »-■■•• 

4        .  •    ^* 


■  • 


•i^i 


we  use  the  equivalent  fractions  ^v...  •'    -  -   •  "^  th.ir  -     :: .  - 

*  *     ■  J  I  H  I 

alent  decimals,  .'25,  .00,  .'iSi.      This  pra-  ::■"  :-  r^  \':ry 
venient  one  in  all  computations   inv  •Iv:::^'^    U :-.::•  1    S:.-.:    - 
money,  because,  since  *1  equals   l«»i»  ».-:.:<.  i:   i^  -  .-:   r  : 
comprehend  what  part  of  the  whole  ,  /.  :-  :;..i:.  <  ::.• 

equivalent  fraction,  as -j^o »  i^  i^  ^^*""  "v:  h  r-.i-:- r  :  :.- 

pute  with  fractions  whose  denominat'.r-  ^r-:  !•'•  :..;•.  ::    -  * 
compute  with  fractions  whose  den« •mi iiat-r- :'.r'r       :::.  -   :     : 
other  figures. 

2.  Poiventaife  is  a  term  applied  t  -  t:;-  <-  ari::: ::>■::■  ;•.: 
operations  in  which  the  numb'.r  nr  q'.:a:iti:y  :<.  !  c  ":»'ra:*  i 
upon  is  supposed  to  be  divided  into  ]•»"  'jq:al  par:<. 

3.  The  term  per  cent,  means  In-  the  Jiuudrcd.  Thus, 
8  per  cent,  of  a  number  m.-ans  s  hiin«irLfiiiis:  i.  c,  ,  ■;  , 
or  .08,  of  that  number:  s  jur  rent.  «»t  -^'j'*  is  •^.'.o  <  j*;  ,, 
or  250  X  .08  =  20;  47  per  cmt.  ..f  :.')  t.»ns  is  \:^  -,  j*.,"..  --  ^^ 
X  .47  =  35.25  tons.  The  stalrnient  that  ihc  papulation  of 
a  city  has  increased  22  per  cent,  in  a  given  time,  sav  from 


g*^ 
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7.  The  names  of  the  diiTcrcMit  Irrnis  used  in  ixTcrnia^fi! 
art*:  the  basi\  the  rtitf  or  rate  per  cent,^  ihv /^ircift/tix*',  tlic 
tift..'iin/^  and  the  tiij[fircnce, 

H.  The  Inihc^  is  the  number  or  quantity  whidi  is  sui)pos(Ml 
t«>  lie  divided  into  100  equal  parts. 

!K  The  nitv  iK»r  cHMit.  is  that  numlxT  of  the  loo  r(nial 
parts  into  wliirh  the  base  is  supposed  to  be  divided  \vi)i«  ii 
i:i  taken  or  ronsidered.  The  nito  is  thr  number  of  Imii- 
dredths  «»f  the  base  that  is  taken  or  (^msidrreil.  'i'lie 
distim'tion  between  tlie  rate  per  cent,  and  the  ral<-  is  \\\\^\ 
The  rate  per  cent,  is  always  loo  times  the  nite.  TIiun, 
7'^  of  Vl7\  and  .07  of  1*^5  amount  in  the  end  to  the  same 
thiu)^:  ill*  former,  7,  is  the  rate  per  cent,  the  ninH/ur  *>{ 
hundredths  of  1;J5  intemled;  the  latter,  .(»;,  is  the  f,tft\  the 
part  i>f  l'^*)  that  is  to  l>e  found;  7<  is  used  in  \/»<ii//,  n; 
is  the  fi>rm  used  in  eomputatioH.  S«»,  also,  r.".  .  .  I  .'.*». 
J-r  =  .nor*,  lj*(  =  .0l7r).  In  the  tabhr  just  j^iveii,  th«  mim 
U-rs  in  the  first  eolumn  are  rates  per  rent.;  ih'sr  m  ih<- 
seeond  column  are  rates. 

10.  The  |M*r(*<*iitiM<o  is  the  result  obiairi*  <l  l>v  nnil!  ipls'- 
iuv:  the  base  by  the  rate.  Thus.  1  .  «.t  I •.'.')  I.'.".  «»; 
=  s.?.**,  the  iH*rcentaj(e. 

11.  The  uinotiiit  is  the  sum  <»!'  the  ba^c  ariH  i)i'-  {.•'-- 
cenlaj^je. 

\*i.  The  dlirort»neo  is  the  n-niaiiH!«r  '.litain''!  w  ii-  n  t!i.- 
pi-reenia>>je  is  subtracted  from  tin-  ba--«  . 

\*A.  The  terms  amount  ami  ditt"ii«  m<  «■  ai*-  «.m1Iii.ii  ilv 
used  when  there  is  an  increase-  ..r  a  -I'' n  m  •  in  iIm  !m  • 
F«>r  example,  supiH>se  the  ])o|inla!i«»M  '-f  a  vill.i-.v  i  !.."»'»<) 
and  it  increases  '25  per  cent.  Thi^  ni«ai:-  th.it  l<.r  «v<ry 
loi»  of  the  original  l^/ioo  theri-  i->  an  in-  i«  a-i-  <.t  •.'.*..  -i  a  t..i.il 
iiuTeasf  of  15  X  '^i') --■  ilT.'t,  Thi-^  iin  i«  a  ■«  a<l'lti|  i..  th«- 
orij^inal  |K»pulation  j^ivi-s  thr  ;nii..unt,  "T  ili.-  |>";)'ilai  i- -n 
after  the  increase.     If  the  {xipulaiion  had    ii(>t<aM<l  \\\:i^ 
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the  final  population  would  have  been  1,500  —  375  =  1,125, 
and  this  would  be  the  difference.  The  original  popula- 
tion, 1,500,  is  the  base  on  which  the  percentage  is  com- 
puted; the  25  is  the  rate  per  cent.,  and  the  increase  or 
decrease,  375,  is  the  percentage.  If  the  base  increases,  the 
final  value  is  the  amount;  and  if  it  decreases,  its  final  value 
is  the  difference. 


CAIiCUIiATIOXS  IXVOIiTTN^G  PERCENTAGE. 

14.  From  the  foregoing  it  is  evident  that  to  find  the 
percentage,  the  base  must  be  multiplied  by  the  rate.  Hence, 
the  following 

Ilule. —  To  find  the  percentage^  multiply  tlie  base  by  the 
rate. 

Example. — Out  of  a  lot  of  JWO  boiler  tubes  76j<  was  used  in  a  boiler. 
How  many  tubes  were  used  ? 

Solution. — The  rate  is  .70;  the  base  is  300;  hence,  the  number  of 

tubes  used,  or  the  jwrcentage,  is  by  the  above  rule 

800  X  .76  =  228  tubes.     Ans. 

Exi)ressing  the  rule  as  a 

Formula,  percentage  =  base  x  rate. 

15.  When  the  percentaj^e  and  rate  are  given,  the  base 

may  be  found  by  dividinji^  the  percentage  by  the  rate.  For, 
suppose  that  VI  is  »*,;/,  or  ,,*;„,  of  s<^me  number;  then  1^,  or 
j/,<,,  of  the  number,  is  VI -^  (I,  or  '^.  Consequently,  if  2  =  \^^ 
*>r  ,;,.,,  1<><>/,  or  {;;;•=  2  X  100  = -200.  But  as  the  same 
result  may  be  arrived  at  by  dividing  12  by  .00,  since  12  -r-  .06 
=  200,  it  follows  that: 

Uuh'. — When  tlic  percentage  and  rate  are  given ^  to  find  the 
base,  divide  the  percentage  by  the  rate. 

Formula,  base  =  percentage  -^  rate. 
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Example. —  76j^  of  a  lot  of  boiler  tubes  was  used  in  the  construction 
of  a  boiler.  If  the  number  of  tubes  used  was  228,  how  many  tubes  were 
in  the  lot  ? 

Solution. — Here  228  is  the  percentage  and  .76  is  the  rate;  hence, 
applying  the  rule, 

228  +  .76  =  300  tubes.     Ans. 

16.  When  the  base  and  percentage  are  given,  to  find  the 
rate,  the  rate  may  be  found  by  dividing  the  percentage  l)y 
the  base.  For,  suppr^se  that  it  is  desired  to  find  what  per 
cent.  12  is  of  2fX).  1^  of  200  is  200  X  .01  =  2.  Now,  if  l^ 
is  2,  12  is  evidently  as  many  per  cent,  as  2  is  contained 
times  in  12,  or  12  -f-  2  =  6<^.  But  the  same  result  mav  be 
obtained  by  dividing  12,  the  percentage,  by  200,  the  base, 
since  12  -^  200  =  .0(5  =  C^.     Hence, 

Kule. —  When  the  percentage  and  base  are  given^  to  find  the 
rate^  divide  the  percentage  by  the  base,  and  the  result  will  be 
the  rate. 

Formula,  rate  =  percentage  -r-  base. 

Example  1. — Out  of  a  lot  of  300  boiler  tubes  228  were  used.  What 
per  cent,  of  the  total  number  was  used  ? 

Solution. — Here  800  is  the  base  and  228  is  the  percentage;  hence, 

applying  rule, 

Rate  =  228  H-  :WK)  =  .76  =  16$;.     Ans. 

Example  2. — What  per  cent,  of  875  is  25  ? 

Solution. — Here  875  is  the  base  and  25  is  the  percentage;  hence, 

applying  rule. 

Rate  =  25  -*-  875  =  .02?  =  2?;^.     Ans. 

Proop.—    875  X  .02}  =  25. 


17. 


EXAMPLES   FOR   1 

What  per 

cent  of: 

(«) 

360 

is  90? 

{p) 

900 

is  360? 

ic) 

125 

is  25  ? 

id) 

150 

is  750  ? 

W 

280 

is  112? 

(/) 

400 

is  200? 

(^) 

47  is  94? 

ih) 

500 

is  250? 

Ans. 


(«) 

25;?. 

(^) 

40<;. 

(0 

20;. 

('0 

mK 

(O 

AiYi, 

(/) 

5orr. 

i^n 

200;^ 

(//) 

50^. 
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18.  The  amount  mav  be  foond,  when  the  base  and  rate 
are  g^ven,  by  multiplying  the  base  by  1  plus  the  rate 
expressed  decimaliy.  For,  suppose  that  it  is  desired  to  find 
the  amount  when  ^»  is  the  base  and  .W  is  the  rate.  The 
percentage  is  •2<»  x  .•>?  =  I'i.  and,  according  to  definition. 
Art.  11,  the  amount  is  ^>  --  1^  =  tit.  But  the  same 
result  may  be  obtained  by  multiplyii^  tOO  by  1  +  -06,  or  1.06, 
since  '200  X  1.06  =  'il'2.    Hence, 

Rule. —  WAe-H  the  tasr  am  J  rate  are  given^  to  find  the 
amount^  multiply  the  base  by  1  plus  the  rate. 

Formula,  amount  =  base  X  (1  +  rate). 

Example. — If  a  man  earned  ^7^  in  a  year,  and  the  next  year  10<f 
more,  how  much  did  he  earn  the  second  year  ? 

Solution.— Here  7^  is  the  base  and  .10  is  the  rate,  and  the  amount 
is  required.     Hence,  applying  the  rule, 

735  X  1. 10  =  r:«7.50.     Ans. 


19.  When  the  base  and  rate  are  g^ven,  the  difference 
may  be  found  by  multiplying  the  base  by  1  minus  the  rate 
expressed  decimally.  For,  suppose  that  it  is  desired  to  find 
the  difference  when  the  base  is  "UOO  and  the  rate  is  6^.  The 
percentage  is  '200  X  .0«»  =  Vl\  and,  according  to  definition, 
Art.  12,  the  difference  = -200  —  1-2  =  1S8.  But  the  same 
result  may  be  obtained  by  multiplying  200  by  1  —  .06,  or  .94, 
since  200  X  .94  =  188.     Hence, 

Rule. —  WJiiH    the   base  apul  rate  are  given ^  to  find  the 

difference^  multiply  the  base  by  1  mimis  the  rate. 

Formula,  difference  =  base  X  (1  —  rate). 

Example.— Out  of  a  lot  of  300  Unler  tubes  all  but  24j^  were  used  in 
one  bcjiler;  how  manv  tubes  were  used  ? 

Solution.— Here  3(K)  is  the  base,  .24  is  the  rate,  and  it  is  desired  to 
find  the  difference.     Hence,  applying  the  rule. 

300  X  (1  -  .24)  =  228  tubes.     Ans. 

2(h  When  the  amount  and  rate  are  given,  the  base  may 
1*<!  found  by  dividing  the  amoimt  by  1  plus  the  rate.  For, 
suppose  that  it  is   known    that   212   equals   some   number 
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increased  by  6j<  of  itself.  Then,  it  is  evident  that  212 
equals  106^  of  the  number  (base)  that  it  is  desired  to  find. 

212 

Consequently,    if   212  =  106j^,    l^  =  -—=z  2,  and   100-^  =  2 

X  100  =  200  =  the  base.  But  the  same  result  may  be 
obtained  by  dividing  212  by  1  +  .06  or  LOG,  since  212  -r-  1.06 
=  200.     Hence, 

Rule. — Whcpt  the  amount  and  rate  are  grceti^  to  find  the 
base,  diz'ide  the  amount  by  1  plus  the  rate. 

Formula,  base  =  amount  ^  (1  -f  rate). 

Example. — The  theoretical  discharge  of  a  certain  pump  when  run- 
ning at  a  piston  speed  of  100  feet  per  minute  is  278,910  gallons  j>er  day 
of  10  hours.  Owing  to  leakage  and  other  defects,  this  value  is  25;^ 
greater  than  the  actual  discharge.     What  is  the  actual  discharge  ? 

Solution. — Here  278,910  equals  the  actual  discharge  (base)  increased 
by  25^  of  itself.  Consequently,  278,910  is  the  amount  and  25;^  is  the 
rate.     Applying  rule,- 

Actual  discharge  =  278.910  -*- 1.25  =  223.128  gal.     Ans. 

21.  When  the  difference  and  rate  are  given,  the  base 
may  be  found  by  dividing  the  difference  by  1  minus  the 
rate.  For,  suppose  that  188  equals  some  number  less  <W  of 
itself.  Then,  188  evidently  equals  100  —  (i  =  94^;^  of  some 
number.  Consequently,  if  188  =  lU;^,  K  =  188  -^  94  =  2, 
and  lOOj^  =  2  X  100  =  200.  But  the  same  result  may  be 
obtained  by  dividing  188  by  1  —  .06,  or  .94,  since  1S8  -^  .94 
=  200.     Hence, 

Rule. —  When  the  differ enee  and  rate  are  given ^  to  find  the 
base,  divide  the  difference  by  1  minus  the  rate. 

Formula,  base  =  difference  ~  (1  —  rate). 

Example  1. — From  a  lot  of  l>>iler  tubes  TOv'  was  used  in  the  construc- 
tion of  a  boiler.  If  there  were  72  tubes  unused,  h«>w  manv  tubes  were 
in  the  lot  ? 

Solution. — Here  72  is  the  diflference  and  .76  is  the  rate.  Applying 
rule, 

72  -*-  (1  -  .76)  =  300  tubes.     Ans. 
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Example  2. — The  theoretical  number  of  foot-pounds  of  work  per  min- 
ute required  to  operate  a  boiler  feed-pump  is  127,344.  If  30^  of  the 
total  number  actually  re'^uired  be  allowed  for  friction,  leakage,  etc., 
how  many  f(x>t-pouqds  are  actually  required  to  work  the  pump  ? 

Solution. — Here  the  number  actually  required  is  the  base;  hence, 
127,344  is  the  difference  and  .30  is  the  rate.     Applying  the  rule, 

127.344  -I-  (1  —  .30)  =  181,920  foot-pounds.     Ans. 

22.  Example. — A  certain  chimney  gives  a  draft  of  2.76  inches  of 
water.  By  increasing  the  height  2t)  feet,  the  draft  was  increased  to 
3  inches  of  water.     What  was  the  gain  per  cent.? 

Solution. — Here  it  is  evident  that  3  inches  is  the  amount  and  that 
2.70  inches  is  the  base.  Consequently,  3  —  2.76  =  .24  inch  is  the  per- 
centage, and  it  is  required  to  find  the  rate.  Hence,  applying  the  rule 
given  in  Art.  16, 

Gain  per  cent.  =  .24  -*-  2.76  =  .087  =  S.1%.    Ans. 

23.  Example. — A  certain  chimney  gave  a' draft  of  3  inches  of 
water.  After  an  economizer  had  been  put  in,  the  draft  was  reduced  to 
1.2  inches  of  water.     What  was  the  loss  per  cent.? 

Solution. — Here  it  is  evident  that  1.2  inches  is  the  difference  (since 
it  equals  8  inches  diminished  by  a  certain  per  cent,  loss  of  itself)  and 
3  inches  is  the  base.  Consequently,  3  —  1.2  =  1.8  inches  is  the  percent- 
age.    Hence,  applying  the  rule  given  in  Art.  16, 

Loss  per  cent.  =  1.8 -i- 3  =  .60  =  603^.     Ans. 

24.  To  find  the  jiraln  or  loss  per  cent. : 

llule. — Fitiii  the  difference  hetiueen  the  initial  and  the  final 
value ;  divide  this  difference  by  the  initial  value. 

Example. — If  a  man  buys  a  steam  engine  for  $1,860  and  some  time 
afterwards  purchases  a  condenser  for  25fr'  of  the  cost  of  the  engine,  does 
he  gain  or  lose,  and  how  much  per  cent.,  if  he  sells  both  engine  and 
condenser  for  $2,100  ? 

Solution. — The  cost  of  the  condenser  was  §1,860  x  .25  =  |465;  con- 
Hfciuently,  the  initial  value,  or  cost,  was  $1,860  +  $465  =  $2,325.  Since 
he  sold  them  for  $3,100,  he  lost  $2,825  -  §2,100  =  $225.  Hence,  apply- 
ing rule, 

225  -t-  2.325  =  .0068  =  9.68^  loss.     Ans. 


(a) 

$ii3.r)0. 

ii) 

r>.oi«. 

(^) 

18. 

{<n 

14fllJ. 

(O 

844).  8. 

(/) 

lOilJ. 

(iO 

12isf. 

{A) 

40?. 
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EXAMPLES  FOR  PRACTICE. 

25.     Solve  the  following: 

(a)  What  is  12i5^  of  $900  ? 

{d)  What  is  t%  of  027  ? 

(^)  What  is  33is:  of  54  ? 

(//)  101  is  68|5:  of  what  number  ? 

W  784  is  83*^  of  what  number  ?  ^^ 

(J)  What  ;^  of  960  is  160? 

( g)  What  %  of  $3, 606  is  $450|  ? 

{h)  What  j;  of  280  is  112  ? 

1.  A  steam  plant  consumed  an  average  of  3,640  pounds  of  coal  per 
day.  The  engineer  made  certain  alterations  which  resulted  in  a  saving 
of  250  {x>unds  per  day.     What  was  the  per  cent,  of  coal  saved  ? 

Ans.  7';^,  nearlv. 

2.  If  the  speed  of  an  engine  running  at  126  revolutions  per  minute 
should  be  increased  6^^,  how  many  revolutions  per  minute  would  it 
then  make  ?  Ans.   i:J4.19rL*v. 

3.  The  list  price  of  an  engine  was  $1,400;  of  a  boiler,  $1,150;  and  of 
the  necessary  fittings  for  the  two,  $340.  If  25;r  discount  was  allowed 
on  the  engine,  22;;  on  the  boiler,  and  12^,^  on  the  fittings,  what  was  the 
actual  cost  of  the  plant?  Ans.  $'2.244..')0. 

4.  If  I  lend  a  man  $1,100,  and  this  is  18jf*  of  the  amount  that  I  have 
on  interest,  how  much  money  have  I  on  interest  ?  Ans.  §r>,iM.'».9r). 

5.  A  test  showed  that  an  engine  developed  VM)A  horsepower.  ITr;  of 
which  was  consumed  in  friction.  How  much  i)<)wcr  was  availahlr  for 
use?  Ans.   V\\s\  \\.  p. 

6.  By  adding  a  condenser  to  a  steam  enpfine,  tlic  power  was  iiuTcascd 
14'?  and  the  consumption  of  coal  per  horsepower  per  lumr  was  decreased 
20*;.  If  the  engine  could  originally  develop  ."iO  liorsepower  and  ref[iiirec1 
3^  pounds  of  coal  per  horsepower  per  lu)ur.  what  would  he  the  t^tal 
weight  of  coal  used  in  an  hour  with  the  condenser,  assuminj^  tlie  enj^ine 
to  run  full  power?  Ans.   V)\)3  lb. 


DENOMTJfATE    XIMIJEHS. 

26.  A  clenoinlnate  nuiiibor  is  :i  concrete  luiinbcr,  and 
may  be  either  simple  or  compound;  as,  S  (jiiarts;  o  feet 
10  inches,  etc.  Denominate  numbers  arc  also  called  <»<>iii- 
poiind  numbers. 

27.  A  simple  denoiii  ilia  to  iiiiinbor  consists  of  luiitsof 
but  one  denomination;  as,  10  cents;   lo  hours;  5  dojlar.s,  etc. 
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28.  A  compound  denominate  number  consists  of  units 
of  two  or  more  denominations  of  a  similar  kind ;  as,  3  yards 
2  feet  1  inch. 

29.  In  whole  numbers  and  in  decimals,  the  law  of  increase 
and  decrease  is  on  the  scale  of  10,  but  in  compound,  or  denom- 
mate,  nuntbers  the  scale  varies. 


MEASURES. 

30.  A  measure  is  a  standard  unit,  established  by  law  or 
custom,  by  which  quantity  of  any  kind  is  measured.  The 
standard  unit  of  dry  measure  is  the  Winchester  bushel ;  of 
weljarlit,  the  pound;  of  liquid  measure,  the  gallon,  etc. 

31.  Measures  are  of  six  kinds: 

1.  Extension.  4.     Time. 

2.  Weight.  5.     Angles. 

3.  Capacity.  6.     Money  or  value. 


MEASURES    OF    EXTENSION. 

32»     Measures    of   extension    are  used    in    measuring 

lengths,  distances,  surfaces,  and  solids. 

LIXKAR  MEASURE. 

TABLE. 
Abbreviation. 


12     inches  (in.)  =  1  foot  . 

8     feel  .     .     .  =  1  yard  . 

5.5  yard.s    .     .  =  1  rod    . 
40  rods     .     .     .  =  1  furlong 

8  furlongs  .     .  =  1  mile  . 


ft. 
yd. 

rd. 
fur. 
mi. 


in.  ft. 

36=    3 
198  =  16i 
7,920  =  6(50 


yd. 
=     1 
=  5.5 
=  220 


rd.  far.  mi. 

=      1 
=    40=1 


03.360  =  5,280  =  1,760  =  320=8  =  1 


SQUARE  MEASURE. 

TABLE. 

144    square  inches  (sq.  in.)    .     .     .  =  1  square  foot 

9    square  feet =  1  square  yard 

30^  square  yards =  1  square  rod  . 

160    square  rods =  1  acre    .     .     . 

640    acres =1  square  mile 

sq.  mi.        A.  scj.  rd.  scj.  yd.  sq.  ft. 


B 

.     .     sq 

.  ft. 

< 

.   sq. 

yd. 

1 

.    sq. 

rd. 

■ 

•         • 

A. 

« 

.  sq. 

mi. 

sq.  m. 


1     =    640  =    102,400  =  3,097.600    =    27,878.400  =  4.014.489.600 
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CUBIC  MEASURE. 

TABLE. 

1.728    cubic  inches  (cu.  in.)  .     •  =  1  cubic  fcwt cu.  ft. 

27    cubic  feet =  1  cubic  yard cu.  yd. 

128    cubic  feet =  1  cord cd. 

24|  cubic  feet =  1  perch P. 

cu.  yd.   cu.  ft.        cu.  in. 
1     =     27     =     46,056 


MEASURES  OF  WEIGHT. 

AVOIRDUPOIS   AVEKJIIT. 

TABLE. 

16  ounces  (oz.) =     1  pound lb. 

100  pounds =     1  hundredweight      .     .     .      cwt. 

20  cwt.  or  2,000  lb.      .     .     .     .     =     1  ton T. 

T.  cwt.  lb.  oz. 

1     =     20     =     2.000     =     82,(MK) 

33.  The  ounce  is  divided  into  halves,  quarters,  etc. 
Avoirdupois  weight  is  used  for  weighing  coarse  and  heavy 
articles. 

L.OXO   TON   TAKLE. 

16  ounces =     1  pound lb. 

112  pounds =     1  hundredweight      .     .     .      cwt. 

20  cwt.,  or  2,240  lb =     1  ton 1 


''i^ 


34.  In  all  the  calculations  hereafter,  t>,0()()  pounds  will 
be  considered  1  ton,  unless  the  long  ton  (2, •240  pounds)  is 
especially  mentioned. 

TUOY    WEIGHT. 

TABLE. 

24  grains  (gr.) =     1  pennyweight     ....      pwt. 

20  pennyweights =     1  ounce oz. 

12  ounces =     1  pound lb. 

lb.  oz.  pwt.  gr. 

1       =       12       rr       240       z:r       ^.TlJO 

Troy  weight  is  used  in  weighinu:  g<'Jd  and  silver  ware, 
jewels,  etc.      It  is  used  by  jewelers. 

J.    /.— ^ 
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3i£ASrRE.S  OF  CAPACITY 
LJQriI>  3C£.%j<rR£. 


4    gills  rgi.) 

2    pints 

4    quarts 

3 U  gallons 

2    barrels,  or  63  gallons    .     . 

hhd.      bbl.        gal. 
1     =     2     =     63 


TABLE. 


1  pint  .    . 
1  quart 
1  gallon    . 
1  barrel 
1  h*>g^head 


252     = 


pt. 
504 


2.016 


qt 

gal 

bbl 

hhd 


2  pints  (pt.) 
8  quarts 
4  pecks  .    . 


60  seconds  (sec.) 

60  minutes 

24  hours      .     . 
7  davs  .     .     . 
360  davs       i 

12  months  ^ 
866  days  .     .     . 
100  years      .     . 


DRT  MEASl'RE. 

TABLE. 


=  1  quart 
=  1  peck  . 
=     1  bushel 


qt. 
pk. 
bu. 


bu.         pk.         qt.  pt. 

1     =    4     =     32     =     64 


JIEASl-RE  OF  TIME. 


TABLE. 


1  minute min. 

1  hour hr. 

1  dav da. 

1  week wk. 


=     1  common  vear 

=     1  leap  year. 
=     1  centurj*. 


yr- 


Note. — It  is  customary  to  consider  one  month  as  30  days. 


MEASI  KE  OF  AXGT^ES  OR  ARCS. 

TABLE. 

60  seconds  (") =     1  minute 

fJO  minutes .-1  decree 

M^^  (lej^rees —     1  ri^ht  angle  or  quadrant 

360  degrees —     1  circle 

1  cir.     =     360^     =     21,GU0'     =     1.296.000' 


cir. 


i  t  AXTTHICETIC 


»  - 


or  iKiXirr, 


r  t  ir  .7. 


1  *-- r** 


f  1  n  - 


MlaCllLX^l^rti.tr?*    T.VBLX. 


ihe  ii»:T±  li" 


35.  Bedactloo    :    irr.   r:    ._..  -..'>- 

"-  :•  —  jr-—   r  •  ••^-—  .-2^—  -  —  --"  y        _  -  .  . 

t::n  or  from  a  loT-rr  :     i  i  j.  - —    :      -   ^   -    . 

36.  PHnelple.— :  ^-    :  .    ^ 

nations  by  diru£im^. 
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To  reduce  deDomlnate  numbers  to  loi^rer  denomina- 
tions: 

37.     ExAMPLB.— Reduce  5  yd.  2  ft.  7  in,  to  inches. 

Solution. —  yd.  ft.  in. 

5  2  7 

8 

rSft. 
2  ft. 

rzft. 

12 

84 

17 


2  0  4  in. 

7  in. 


2  1  1  in.  Ans. 
Explanation. — Since  there  are  3  feet  in  1  yard,  in  5  yards 
there  are  5  X  3,  or  15,  feet,  and  15  feet  +  2  feet  =  17  feet. 
There  are  12  inches  in  a  foot ;  therefore,  12  X  17  =  204  inches, 
and  204  inches +7  inches  =  211  inches  in  5  yards  2  feet 
7  inches. 

38*     Example. — Reduce  6  hours  to  seconds. 

Solution. —  6        hr. 

CO 


8  6  0     min. 
60 


2  16  0  0  sec.     Ans. 
Explanation. — As  there   are   60  minutes   in  1   hour,  in 
f>  hours  there  are  6  X  60,  or  360,  minutes;  as  there  are  no 
minutes  to  add,  we  multiply  360  minutes  by  60,  to  get  the 
number  of  seconds. 

39.     In  order  to  avoid  mistakes,  if  any  denomination  be 

omitted,    represent  it  by  a  cipher.     Thus,  before  reducing 

3  rods  6  inches  to  inches,  insert  a  cipher  for  yards  and  a 

cipher  for  feet,  as 

rd.     yd.      ft.       in. 

3         0         0         6 

4().     llule, — Multiply  the  number  representing  the  highest 
denomination  by  the  number  of  units  in  the  next  lower  required 
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to  make  one  of  the  higher  denomination,  and  to  the  product 
add  the  number  of  given  units  of  that  lower  denomination. 
Proceed  in  this  manner  until  the  number  is  reduced  to  the 
required  denomination. 


EXAMPLES   FOR  PRACTICE. 

i;l«  Reduce: 

{a)  4  rd.  2  yd.  2  ft.  to  feet. 

(b)  4  bu.  3  pk.  2  qt.  to  quarts. 

{c)  13  rd.  5  yd.  2  ft.  to  feet. 

{(i)  5  mi.  100  rd.  10  ft.  to  feet.  Ans. 

(<f)  52  hhd.  24  gal.  1  pt.  to  pints. 

(/)  5  cir.  16'  20  to  minutes. 

{g)  14  bu.  to  quarts. 


{a)  74  ft. 

{b)  154  qt. 

(r)  231.5  ft. 

{(i)  28,(m()  ft. 

{€)  26,401  pt. 

(/)  108,980'. 

(g)  448  qt. 


To  reduce  loTver  to  higher  denominations: 

42.     Example. — Reduce  211  inches  to  higher  denominations: 

Solution.—  12)^  1  1  in. 

3  )  1  7  ft.  4-  7  in. 


5  yd.  +  2  f t.  +  7  in.     Ans. 

Explanation. — There  are  12  inches  in  1  foot;  therefore, 
211  divided  by  12  =  17  feet  and  7  inches  over.  There  are 
3  feet  in  1  yard;  therefore,  17  feet  divided  by  \\  —  5  yards 
and  2  feet  over.  The  last  quotient  and  the  two  remainders 
constitute  the  answer,  5  yards  2  feet  7  inches. 

4:3«     Example. — Reduce  14,135  gills  to  higher  denominations. 
Solution.—  4  )_lj4  1  ;r5 

2)     3  5  8:jpt.  3gi. 

4)      ITOOgt.  1  pt. 
4  4  1  gal.  2  qt. 

31.5)44  1.0(  1  4  bbl. 
3_1_5_ 

12  6  0 
12  00 

Explanation. — There  are  4  ^ills  in  1  pint,  and  in  14,lo.5 
gills  there  are  as  many  pints  as  4  is  contained  times  in 
14r,  135,  or  3,533  pints  and  3  j^ills  reniaininjj:.  There  are 
2  pints  in  1  quart,  and  in  ',\jyX\  pints  there  are  1,7<»<>  cpiarts 
and  1  pint  remaining.     There  are  4  quarts  in  1  gallon,  and 
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in  1.7*>^>  qizarts  there  are  441  gallons  and  ^  quarts  remain- 
ing. There  are  31^  gaEons  in  1  barrel,  and  in  441  gallons 
there  are  14  barrels. 

The  last  quotient  and  the  three  remainders  constitute 
the  answer,  14  barrels  "2  quarts  1  pint  3  gills. 

44.  Rale. — Divide  the  number  representing  the  denom- 
ination given  by  the  number  of  units  of  this  denomination 
required  to  make  one  unit  of  the  next  higher  denomination. 
The  remainder  zi'ill  be  of  the  same  denomination^  but  the 
quotient  urili  be  of  the  next  higher.  Divide  this  quotient  by 
the  number  of  units  of  its  denomination  required  to  make 
one  unit  of  the  next  higher.  Continue  until  the  highest 
denomination  is  reached  e^r  until  there  is  not  enough  of  a 
denomination  left  to  make  one  of  the  next  higher.  The  last 
quotient  and  the  remainders  constitute  the  required  result. 


EXAMPLES  FOB  PRAOTICE. 

4:5,     Reduce  to  units  of  higher  denominations: 
ia)  7.4«ii  sq-  in.;  {If)  7.580  sq.  yd.;  (r)  148.7(10  cu.  in.;  (</)  17.651'; 
(O  8.000  gi- ;  (/)  36.450  lb. 

{a)      5  sq.  yd.  6  sq.  ft.  116  sq.  in. 
ijb)      1  A.  90  sq.  rd.  17  sq.  yd.  4  sq.  f t.  73  sq.  in. 
{/)      3  cu.  yd.  5  cu.  ft.  152  cu.  in. 
(i)     454'ir. 
{^)      3  hhd.  61  gaL 
l(/)    18  T.  4  cwt.  50  lb. 


Ans. 


ADDmOX  OF  I>EXOMIXATE  XITOJERS. 

46.  As  in  the  case  of    abstract   numbers,  denominate 
numbers  may  be  added,  subtracted,  multiplied,  and  divided, 

47.  Example.— Find  the  sum  of  3  cwt.  46  lb.  12  oz. ;  8  cwt.  12  lb 
13  oz. ;  12  cwt.  50  lb.  13  oz. ;  27  lb.  4  oz. 

S<iLUTlON. — 


T. 

cwt. 

lb. 

oz. 

0 

3 

46 

12 

0 

8 

12 

13 

0 

12 

50 

13 

0 

0 

27 

4 

1 

4 

37 

10 

Ans. 
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Explanation. — Begin  to  add  at  the  right-hand  column; 
4  +  13  +  13  +  12  =  42  ounces;  as  16  ounces  make  1  pound, 
42  ounces  H-  IC  =  2  pounds  and  a  remainder  of  10  ounces,  or 
2  pounds  and  10  ounces.  Place  10  ounces  under  the  ounce 
column  and  add  2  pounds  to  the  next,  or  p<^)und,  column. 
Then,  2  +  27  +  50  +  12  +  46  =  137  pounds;  as  100  pounds 
make  a  hundredweight,  137  -r-  100  =  1  hundredweight  and 
a  remainder  of  37  pounds.  Place  the  37  under  the  pound 
column  and  add  1  hundredweight  to  the  next,  or  hundred- 
weight, column.  Next,  1  +  12  +  8  +  3  =  24  hundredweight. 
20  hundredweight  make  a  ton;  therefore,  24  -^  20  =  1  ton 
and  4  hundredweight  remaining.  Hence,  the  sum  is  1  ton 
4  hundredweight  37  pounds  10  ounces. 

48.  Example. — What  is  the  sum  of  2  rd.  3  yd.  2  ft.  5  in. ;  0  rd. 
1  ft.  10  in. ;  17  rd.  11  in. ;  4  yd.  1  ft.? 

Solution. — 


rd. 

yd. 

ft. 

in. 

2 

3 

2 

5 

6 

0 

1 

10 

17 

0 

0 

n 

0 

4 

1 

0 

26 

34 

0 

2 

26 

3 

1 

s 

or    26  3  1  X    Ans. 

Explanation. — The  sum  of  the  numbers  in  the  first  col- 
umn =  20  inches,  or  2  feet  and  2  inches  rcmaininic.  The 
sum  of  the  numbers  in  the  next  column  plus  2  feel  —  <»  feet. 
or  2  yards  and  0  feet  remaining.  The  sum  of  the  numbers 
in  the  next  column  plus  2  yards  =  'J  yards,  or  1»  -:-  ;».}  =  1  r<»d 
and  34  yal"ds  remaining.  The  sum  of  the  next  cuhunn  j.lus 
1  rod  =  26  rods.  To  avoid  fractions  in  the  sum.  the  .1  yai<l 
is  reduced  to  1  foot  and  0  inches,  whieh  added  to  •>•»  I'kIs 
3  yards  0  feet  and  2  inches  =  20  rods  3  yards  1  foot  s  in(  hes. 

49.  Example.-— What  is  the  sum  <>(  47  ft.  aivl  :i  rd.  2  yd.  '2  11. 
10  in.? 

Solution. — When  47  ft.  is  reduced,  it  equals  '2  rd.  4  yd.  2  ft.,  which 
can  be  added  to  3  rd.  2  yd.  2  ft.  lo  in.     Thus, 

rd.         yd.         ft.         in. 
3  2  'J  10 

2  4  2  0 


6  n  1  H> 

or     C  2  0  4     Ans. 
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60.  Rule. — Place  the  mimbcrs  so  that  like  denominations 
are  under  one  another.  Begin  at  the  right-hand  column  and 
add.  Divide  the  sum  by  the  number  of  units  of  this  denomi- 
nation required  to  make  one  unit  of  the  next  higher.  Place 
the  remainder  under  the  column  added  and  carry  the  quotient 
to  the  next  column.  Continue  in  this  manner  until  the  highest 
denomination  given  is  reached. 


EXAMPLES  FOR  PRACTICE. 

51.  What  is  the  sum  of : 

(<7)  25  lb.  7  oz.  15  pwt.  23  gr. ;  17  lb.  16  pwt. ;  15  lb.  4  oz.  12  pwt. ; 
18  lb.  16  gr. ;  10  lb.  2  oz.  11  pwt.  10  gr.  ? 

{b)    9  mi.  13  rd.  4  yd.  2  ft. ;  16  rd.  5  yd.  1  ft.  5  in. ;  16  mi.  2  rd.  3  in. ; 
14  rd.  1  yd.  9  in.  ? 

(r)  3  cwt.  46  lb.  12  oz. :  12  cwt.  9^  lb. ;  2^  cwt.  21|  lb.  ? 

{li)     10  yr.  9  mo.  1  wk.  3  da. ;  42  yr.  6  mo.  7  da. ;  7  yr.  9  mo.  2  wk. 
4da. ;  17  yr.  17  da.  ? 

{€)    17  T.  11  cwt.  49  lb.  14  oz. ;  16  T.  47  lb.  13  oz. ;  20  T.  13  cwt.  14  lb. 
6  oz. ;  1 1  T.  4  cwt.  16  lb.  12  oz.  ? 

(/)  14  sq.  yd.  8  sq,  ft.  19  sq.  in. ;  105  sq.  yd.  16  sq.  ft.  240  sq.  in. ; 
42  sq.  yd.  28  sq.  ft.  165  sq.  in.  ? 


(^) 

80  1b.  3oz.  10  pv.'t.  7gr. 

(^) 

25  mi.  47rd.  1  ft.  5  in. 

Ans.  - 

(0 

18  cwt.  2  lb.  14  oz. 

78  yr.  1  mo.  3  wk.  3  da. 

('•) 

(J5T.  9  cwt.  28  1b.  13oz. 

L(/) 

167  sq.  yd.  136  sq.  in. 

SUBTRACTION   OF    DENOMINATE   NITMBER8. 

52.     Example.— From  21  rd.   2  yd.  2  ft.  6i  in.  take  9  rd.  4  yd. 
lOi  in. 


Solution. — 

rd. 

yd. 

ft. 

in. 

21 

o 

2 

6i 

9 

4 

0 

lOi 

11  3.i  I  8i    Ans. 

Explanation. — Since   lOj   inches  cannot  be  taken  from 

i\)i  inches,  we  must  borrow   1    foot,   or  12   inches,  from  the 

2  feet   in   the  next   column   and   add   it  to  the  0^.      6^  +  12 

=  ISA.      1S.V  inches  —  10]  inches  =  S|  inches.      Then,  0  foot 
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from  the  1  remaining  foot  =  1  foot.  4  yards  cannot  be  taken 
from  2  yards;  therefore,  we  borrow  1  rod,  or  5k  yards,  from 
21  rods  and  add  it  to  2.     2  +  5.V  =  7^;  7^  -  4  =  3.V  yards. 

9  rods  from  20  rods  =11  rods.  Hence,  the  remainder  is 
11  rods  3 J  yards  1  foot  8|  inches. 

To  avoid  fractions  as  much  as  possible,  we  reduce  the 
^  yard  to  inches,  obtaining  18  inches;  this  added  to  8^  inches 
gives  20 J  inches,  which  equals  2  feet  2 J  inches.  Then,  2  feet 
+  1  foot  =  3  feet  =  1  yard,  and  3  yards  +  1  yard  =  4  yards. 
Hence,  the  above  answer  becomes  11  rods  4  yards  0  feet 
2\  inches. 

53.  Example. — ^What  is  the  difference  between  8  rd.  2  yd.  2  ft. 

10  in.  and  47  fl.? 

Solution.—    47  ft.  =  3  rd.  4  yd.  2  ft. 

rd.  yd.  ft.  in. 

3  2  2  10 

2  4  2  0 

0  8^  0  10 

or  8  2  4    Ans. 

To  ftnd  (approximately)  tho  interval  of  time  lK*t\veeii 
two  dates : 

54.  Example.  —  How  many  years,  months,  days,  and  hours 
l)etwecn  4  o'clock  p.  m.  of  June  15,  IHOB,  and  10  o*clock  a.  m.,  Sep- 
tember 28.  1891  ? 

Solution. —  yr.  mo.        da.  hr. 

1891  9  28  10 

1868  6  15  16 

28  8  12  18     Ans. 

Explanation. — Counting  24  hours  in  1  day,  4  o'rlo(^k  p.  m. 
is  the  10th  hour  from  the  beginning  of  the  day,  or  midnij^ht. 
September  is  the  9th  month  and  June  is  the  <;th  month. 
After  placing  the  earlier  date  under  the  later  date,  subtract 
as  in  the  previous  problems.     Count  30  days  as  1  month. 

55.  Kulo. — Place  the  s-niailcr  quantity  under  the  larj^er 
quantity^  luitk  like  denominations  u ndt  r  cacJi  other.  In  i^in n iui^ 
at  the  right ^  subtract  successively  the  number  in  the  subtrahend 
in  each  denomination  from  the  one  above  and  place  the  dif- 
ferences underneath.     If  the  number  in  the  minuend  of  any 
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denomination  is  less  than  the  number  under  it  in  the  sub- 
trahend^ one  unit  must  be  borrowed  from  the  minuend  of  the 
next  higher  denomination^  reduced^  and  added  to  it. 


EXAMPLES  FOR  PRACTICE. 
56.     From : 

(rt)  125  lb.  8  oz.  14  pwt.  18  gr.  take  90  lb.  9  oz.  10  pwt.  4  gr. 

(/y)  126  hhd.  27  gal.  take  104  hhd.  14  gal.  1  qt.  1  pt. 

(r)  05  T.  14  cwt.  04  lb.  10  oz.  take  10  T.  11  cwt.  14  oz. 

{i1)    148  sq.  yd.  10  sq.  ft.  142  sq.  in.  take  132  sq.  yd.  136  sq.  in. 

(<•)  KM)  bu.  take  28  bu.  2  pk.  5  qt.  1  pt. 

(/)  14  mi.  36  rd.  5  yd.  13  ft.  11  in.  take  3  mi.  29  rd.  4  ft.  10  in. 

f  {ix)     28  lb.  11  oz.  4  pwt.  14  gr. 

{b)     22  hhd.  12  gal.  2  qt.  1  pt. 

(r)  49  T.  3  cwt.  63  lb.  12  oz. 

{(i)    10  sq.  yd.  16  sq.  ft.  6  sq.  in. 

(«•)  71  bu.  1  pk.  2  qt.  1  pt. 
I  (/)  11  mi.  7  rd.  5  yd.  9  ft.  1  in. 


Ans.  \ 


MUIjTIPIilCATIOX  OF  DF.XOMIXATE  NUMBERS. 

57.     Example. — Multiply  7  lb.  5  oz.  13  pwt.  15  gr.  by  12. 

Solution. —  lb.         oz.        pwt.         gr. 

7  5  13  15 

12 


89  8  3  12    Ans. 

Explanation. —  15  grains  x  12  =  180  grains.  180  -=-  24 
=  7  pcnnyweijrhts  and  VI  grains  remaining.  Place  the  12  in 
the  grain  cohnnn  and  carry  the  7  pennyweights  to  the  next 
column.  Now,  13  x  12+  7  =  103  pennyweights;  103  -t-  20 
=  H  ounces  and  3  pennyweights  remaining.  Then,  5  X  VI 
-f-  S  =  OS  ounces;  (J.S  -^  VI  =  5  pounds  and  8  ounces  remain- 
ing. Then,  7  X  12  +  5  =  89  pounds.  The  entire  product  is 
SI)  pounds  S  ounces  3  pennyweights  12  grains. 

58.  IJiile. — Multiply  the  number  representing  each  de- 
nomination  by  the  multiplier,  and  reduce  each  product  to  the 
next  higher  denomination,  ivriting  the  remainders  under  each 
denomination^  and  carry  the  quotient  to  the  next,  as  in  addition 
of  denominate  nu tubers. 

<>•).  Note. — In  multiplication  and  division  of  denominate  num- 
bers, it  is  sometimes  easier  t(>  reduce  llie  number  to  the  lowest 
denomination  given  before  multiplying  or  dividing,  especially  if  the 
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multiplier  or  divisor  is  a  decimal.  Thus,  in  the  above  example,  had 
the  multiplier  been  1.2,  the  easiest  way  to  multiply  would  have  been  to 
reduce  the  number  to  grains;  then,  multiply  by  1.2,  and  reduce  the 
product  to  higher  denominations.  For  example,  7  lb.  5  oz.  13  pwt. 
15  gr.  =  43.047  gr.  43,047  X  12  =  51,«56.4  gr.  =  8  lb.  11  oz.  12  pwt. 
8  4  gr.  Also.  43,047  X  12  =  516,564  gr.  =  89  lb.  8  oz.  3  pwt.  12  gr..  as 
before.     The  student  may  use  either  method. 


EXAMPLES  FOR  PRACTICE. 

60.     Multiply: 

{a)  15  cwt.  90  lb.  by  5;  (d)  12  yr.  11  mo.  3 da.  by  14;  (c)  11  mi.  145 rd. 
by  20;  (li)  12  gal.  4  pt.  by  9;  (e)  8  cd.  76  cu.  ft.  by  15;  (/)  4  hhd.  3  gal. 
1  qt.  1  pt.  by  12. 

{a)      79  cwt.  50  lb. 

(d)  180  yr.  11  mo.  2  wk. 
J  (c)      229  mi.  20  rd. 

^^^'  ^  (d)     112  gal.  2  qt. 

(e)  128  cd.  116  cu.  ft. 
L(/)  48  hhd.  40  gal.  2  qt. 


DIVISION  OF  DENOMINATE  NUMBERS. 

61.     Example  1. — Divide  48  lb.  11  oz.  6  pwt.  by  8. 

Solution. —  lb.  oz.       pwt.       gr. 

8  )  48  11  6  0 

6  lb.        1  oz.     8  pwt.  6  gr.     Ans. 

Explanation. — After  placing  the  quantities  as  above, 
proceed  as  follows:  8  is  contained  in  48  6  times  without 
a  remainder.  8  is  contained  in  11  ounces  once  with 
3  ounces  remaining.  3  X  20  =  60 ;  60  +  ^  =  ^^^  pennyweights ; 
66  pennyweights  -j-  8  =  8  pennyweights  and  2  pennyweights 
remaining  ;  2  X  24  grains  =  48  grains  ;  48  grains  -^  8 
=  6  grains.  Therefore,  the  entire  quotient  is  6  pounds 
1  ounce  8  pennyweights  6  grains. 

Example  2. — A  silversmith  melted  up  2  lb.  8  oz.  10  pwt.  of  silver, 
which  he  made  into  6  spoons;  what  was  the  weight  of  each  spoon  ? 

Solution.^  lb.        oz.        pwt. 

6  )  2  8  10 

5  oz.        8  pwt.     8  gr.     Ans. 

Explanation. — Since  we  cannot  divide  2  pounds  by  0,  we 
reduce  it  to  ounces.  2  pounds  :=  24  ounces,  and  24  ounces 
+  8  ounces  =  32  ounces  ;    32  ounces  h-  0  =  5  ounces  and 


22  ARITHMETIC.  §  2 

2  ounces  over.  2  ounces  =  40  pennyweights.  40  penny- 
weights 4-  10  pennyweights  =  50  pennyweights,  and  50  penny- 
weight's -4-6  =  8  pennyweights  and  2  pennyweights  over. 
2  pennyweights  =  48  grains,  and  48  grains  -^  6  =  8  grains. 
Hence,  each  spoon  contains  5  ounces  8  pennyweights 
8  grains. 

62.     Example.— Divide  820  rd.  4  yd.  2  ft.  by  112. 

Solution. —  rd.      yd.    ft.  rd.     yd.    ft.     in. 

112)820  4   2(7    1   2  5.143  Ans. 
784 


3  6  rd.  rem. 
5.5 


180 
180 

1  9  8.0  yd. 
4  yd. 

112)  202  yd.  ( 1  yd. 
1  12 


9  0  yd.  rem. 
3 


2  7  0  ft. 

2  ft. 


1  1  2  )  2  7  2  ft.  (  2  ft. 
224 


4  8  ft.  rem. 
12 

90 

48 


1 1  2  )  5  7  6.0  0  0  0  in.  (  5. 1  4  2  8-f  in.,  or  5.1  4  3  in. 
560 


1  60 
1  1  2 

480 
448 


3  20 
224 

9  6  0 
89  6 
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Explanation. — The  first  quotient  is  7  rods  with  30  rods 
remaining.  5.5  X  30  =  198  yards;  198  yards  +  -^  yards 
=  202  yards;  202  yards  -^  112  =  1  yard  and  90  yards  remain- 
ing. 90  X  3  =  270  feet ;  270  feet  +  2  feet  =  272  feet ;  272  feet 
-T-  112  =  2  feet  and  48  feet  remaining;  48  X  12  =  570  inches; 
570  inches  -?-  112  =  5.143  inches,  nearly. 

The  preceding  example  is  solved  by  long  division,  because 
the  numbers  are  too  large  to  deal  with  mentally.  Instead  of 
expressing  the  last  result  as  a  decimal,  it  might  have  been 
expressed  as  a  common  fraction.  Thus,  570  -^  112  =  i'}^W 
=  5{  inches.  The  chief  advantage  of  using  a  common  frac- 
tion is  that  if  the  quotient  be  multiplied  by  the  divisor,  the 
result  will  always  be  the  same  as  the  original  dividend. 

63.  Kiile. — Find  hoiv  many  times  the  divisor  is  contained 
in  the  first  or  highest  denomination  of  the  dividend.  Reduce 
the  remainder  {if  any)  to  the  next  Unver  denomination  and 
add  to  it  the  number  in  the  given  dividend  expressiui:;  that 
denomination.  Divide  this  new  dividend  by  the  divisor. 
The  quotient  will  be  the  next  denomination  in  tJic  quotient 
required.  Continue  in  this  manner  until  the  ioiucst  denomi- 
nation is  reached.  The  successive  quotients  lu ill  constitute  the 
entire  quotient. 


EXAMPLES  FOR  P«AC:TIf'E. 
64.     Divide: 

(tf)  876  mi.  276  rd.  by  22;  {b)  1,137  bu.  8  pk.  \  qt.  1  pt.  by  10; 
(O  84  cwt.  48  lb.  49  oz.  by  16;  {d)  78  s(\.  yd.  is  sq.  ft.  41  sij.  in.  l/y  1.^; 
{e)  148  mi.  64  rd.  24  yd.  by  12;  (/)  100  T.  IfJ  cwt.  l-s  lb.  11  oz.  by  15; 
(^)  36  lb.  18  oz.  18  pwt.  14  gr.  by  8;  {In  \Vl  mi.  48  rd.  ])y  loo. 

Ans.  {a)  17  mi.  41/j  rd. ;  {h)  113  bu.  :J  pk.  I  (jl.  \  pt. ;  (r)  ">  cwt. 
28  lb.  3y>,  oz. ;  {d)  4  sq.  rd.  4  sq.  ft.  "11^  scj.  in.  ;  ie)  VI  mi.  110  rd.  'I  yd. ; 
(/)  6  T.  14  cwt.  41  lb.  HJJ  oz. ;  (^i^O  4  lb.  H  r>z.  7  pwl.  7^  ^^r. ;  (//)  1  mi. 
38|f  rd. 

1.  On  Monday,  1  T.  3  cwt.  of  coal  arc  biirnetl  under  a  boiler;  on 
Tuesday.  1  T.  1  cwt.  54  lb.;  <»n  Wednesday.  1  T.  'I  cwt.  Hi  lb.;  on 
Thursday.  1  T.  2  cwt.  70  lb. ;  on  Friday,  1  T.  :*»  <wt.  V-\  lb.  ;  on  Satur- 
day. 15  cwt.  68  lb.     How  much  co:d  wa-i  burned  durinj^  the  week  ? 

Ans.  6  T.  8  cwt.  51  lb. 
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2.  5*4  ijal.  t  q-  .>t  waier  ir»  -ira^wn  froni  a  tank  o>ntaining  30  hhd. 
4  g:xL  Z  q:.  of  water.     Hot  coich  w;iter  remains  ? 

Ans.  22  hhd.  4  gal.  1  qt 

X  A  rrain  line  shaft  is  made  ap  ot  5  lengths,  as  follows:  16  ft.  3  in., 
15  ft.  ^  in.^  15  ft.  2  in..  14  ft.  <  in..  12  fi.  !♦)  in.  If  10  hangers  are  used, 
«>oe  being  at  each  end  of  the  shaft,  what  is  the  distance  between  them, 
supposing  them  to  be  spoiced  egrrallT  ?  Ans.  8  ft.  3|  in. 

4.  If  the  distance  artxznd  a  drwkeel  is  47  ft.  3  in.  and  the  belt 
extends  |  of  the  way  aroond.  what  s  the  distance  covered  by  the  belt  ? 

Ans.  28  ft.  4i  in. 

5.  A  boiler  shell  is  made  cp  of  three  sheets,  each  5  ft.  6\i  in.  long. 
If  the  lap  at  each  of  the  two  middle  seams  is  2^  in.,  what  is  the  length 
of  the  sheU  ?  Answ  16  ft.  3^',  in. 

6.  In  a  retum-tubdlar  boiler  the  heating  surface  is  di\*ided  as  fol- 
lows :  outside  of  shell.  S>?  sq.  ft.  9.8  sq.  in.;  heads,  5  sq.  ft.  4|  sq.  in. ; 
tubes.  ^^  sq.  ft.  10.75  sq.  in.  What  is  the  total  area  of  the  heating  sur- 
face i:.  square  feet  and  square  inches  ?  An&  786  sq.  ft.  35.05  sq.  in. 


ARITHMETIC 

(PART  5.) 


rNT^OLUTIO:S^. 

1.  If  a  product  consists  of  equal  factors,  it  is  called  a 
l>ovrep  of  one  of  those  equal  factors,  and  one  of  the  et^ual 
factors  is  called  a  root  of  the  product.  The  power  and  the 
root  are  named  according  to  the  number  of  equal  factors  iu 
the  product.  Thus,  3x3,  or  9,  is  the  second  poivcr,  or 
square,  of  3;  3  X  3  X  3,  or  27,  is  the  tJdrd  poivcr^  or  cubo, 
of  3;  3x3x3x3,  or  81,  is  the  fourth  power  of  3.  Also, 
3  is  the  second  root,  or  square  root,  of  1);  \\  is  the  third 
i"oot,  or  cube  root,  of  27;  3  is  the  fourth  root  of  81. 

2.  For  the  sake  of  brevity, 

3  X  3  is  written  3\  and   read  tlirec^  s<iuare, 

OT  three  exponent  tico; 
3  X  3  X  3  is  written  3\  and  read  tlirtn*  i-uhe, 
or  three  exponent  tJircc; 
3  X  3  X  3  X  3  is  written  3',  and   read   three   fourth, 

or  three  exponent  four  ; 
and  so  on. 

A  number  written  above  and  to  tin-  riji^ht  of  another  mim- 
ber,  to  show  how  often  the  latter  number  is  usrd  as  a  fat'tor, 
is  called  an  exponent.  Thus,  in  o'*,  lh<'  numbtT  '^  is  the 
exponent,  and  shows  that  3  is  to  l)c  used  as  a  factor  twelve 
times;  so  that  3*'  is  a  contraction  -for 

3  X  3  X  3  X  3  X  3  X  3  X  3  X  :5  X  :i  X  3  X  3  x  3. 

For  notice  of  copyright,  sec  page  immediately  follo\vinj<  the  title  page. 


26  ARITHMETIC.  §  2 

In  an  expression  like  3\  the  exponent  *  shows  how  <»ften 
3  is  used  as  a  factor.  Hence,  if  the  exponent  of  a  number 
is  unity,  the  number  is  used  once  as  a  factor ;  thus,  3'  =  3, 
4*  =  4,  5*  =  5. 

3.  If  the  side  of  a  square  contains  5  inches,  the  area  of 
the  square  contains  5  X  5,  or  5',  square  inches.  If  the  edge 
of  a  cube  contains  5  inches,  the  volume  of  the  cube  contains 
5  X  5  X  5,  or  5',  cubic  inches.  It  is  for  this  reason  that 
5'  and  5*  are  called  the  square  and  cube  of  5,  respectively. 

4.  To  find  any  iK>wep  of  a  number : 

Example  1. — What  is  the  third  power,  or  cube,  of  85  ? 
Solution. — 


35X35X35. 

or     3  5 

35 

175 

105 

1225 

35 

6  125 

3675 

cube  =  42875    Ans. 

Example  2. — What  is  the  fourth  power  of  15  ? 
Solution. — 


15  X  15  X  15  X  15. 

or 

1  5 

15 

7  5 

15 

2  25 

1  5 

1125 

2  25 

3  :J  7  5 

1  5 

1  0  S  7  5 
1^375 

fourth  poiL'cr  =  500  2  5     Ans. 
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Example  3. — 

1.2«  =  what? 

Solution. — 

1.2  X  1.2  X  1.2. 

or         1.2 

1.2 

1.4  4 

1.2 

288 

144 

cud^=:1.12H    Ans. 

Example  4 — What  is  the  third  power,  or  cube,  of  f  ? 

.„      3'      3      3      3      3X3X3 
Solution.  -     ( |).  =  ^-  =  ^  x  g  X  ^  =  ^^^-g^  =  ,\,. 


Ans. 


6,  Rule. — I.  To  raise  a  whole  number  or  a  decimal  to  any 
poiver^  use  it  as  a  factor  as  many  times  as  there  are  units  in 
the  exponent, 

II.  To  raise  a  fraction  to  any  power ^  raise  both  the  numer- 
ator and  denominator  to  the  pozver  indicated  by  the  exponent. 


EXAMPT^ES  FOU  IMIACTIC'K. 


6,      Raise  the  following  to  the  powers  indicated: 


(«) 

85». 

0) 

(if)*- 

{c) 

6.5'. 

(d) 

14*. 

('•) 

(1)'. 

(/)    ({)'• 

(.«-) 

(})•• 

(-») 

1.4». 

Ans. 


fr  oort 


oort 


(0      42.25. 
Ui)     ;iH,4l6. 

(//)      5.37824. 


1  44 


87 
ti- 

1  25 

a  1  «• 

n  t  n 

»?   • 


EVOLUTIOX. 

7.  Kvolution  is  the  reverse  of  involution.  It  is  the 
process  of  finding  the  root  of  a  number  which  is  considered 
as  a  power. 

8.  The  square  root  of  a  number  is  that  number  which, 
when  used  twice  as  a  factor,  produces  the  number. 

Thus,  2  is  the  square  root  of  4,  since  2  X  '-i,  or  2'  =  4. 


J.   /.— 7 
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9.  The  cube  root  of  a  number  is  that  number  which, 
when  used  three  times  as  a  factor,  produces  the  number. 

Thus,  3  is  the  cube  root  of  27,  since  3  X  3  X  3,  or  3'  =  27. 

10.  The  i-adlcal  sii^rn  y,  when  placed  before  a  number, 
indicates  that  some  root  of  that  number  is  to  be  found. 
The  vinculum  is  almost  always  used  in  connection  with  the 
radical  sign,  as  shown  in  Art.  11. 

11.  The  index  of  the  root  is  a  stnall  Jigitre  placed  over 
and  to  the  left  of  the  radical  sign^  to  show  what  root  is  to 
be  found. 

Thus,  4/100  denotes  the  square  root  of  100. 
4/125  denotes  the  cube  root  of  125. 
4/256  denotes  the  fourth  root  of  25G,  and  so  on. 

12.  When  the  square  root  is  to  be  extracted,  the  index 
is  generally  omitted.  Thus,  4/IOO  indicates  the  square  root 
of  100.     Also,  4/225  indicates  the  square  root  of  225. 


SQUARE    ROOT. 

13.  The  largest  number  that  can  be  written  with  one 
figure  is  9,  and  9'  =  81 ;  the  largest  number  that  can  be 
written  with  two  figures  is  99,  and  99'  =  9,801;  with  three 
figures  999,  and  999'  =  998,001;  \v\t\i  four  figures  9,999,  and 
9,999'=  99,980,001,   etc. 

In  each  of  the  above  it  will  be  noticed  that  the  square  of 
the  number  contains  just  tivice  as  many  figures  as  the 
number. 

In  order  to  find  the  square  root  of  a  number,  the  first 
step  is  to  find  how  many  figures  there  will  be  in  the  root. 
This  is  done  by  pointing  off  the  number  \nX.o  periods  oi  two 
figures  each,  beginning  at  the  decimal  point.  The  number 
of  periods  will  indicate  the  number  of  figures  in  the  root. 

Thus,  the  square  root  of  83,740,801  must  contain  4  figures, 
since,  pointing  off  the  periods,  we  get  83'74'08'01,  or  4  periods ; 
consequently,  there  must  be  4  figures  in  the  root.  In  like 
manner,  the  square  root  of  50,625  must  contain  3  figures, 
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since  there  are  (5'06'25)  3  periods.  The  extreme  left-hand 
period  may  contain  either  1  or  2  figures,  according  to  the 
size  of  the  number  squared. 

1 4.     Example. — Find  the  square  root  of  31,505,769. 

root 

Solution.—       {a)        5  3 1'5  0'5  769(5613    Ans. 

5  (^)      2  5 

(d)     loo  (O      ~6  5  0 

6  636 


10  6  (^0  14  5  7 

6  112  1 


1120  336  6  9 

1  3  3  6  6  9 


1121 
1 

11220 
8 

11223 


Explanation. — Pointing  off  into  periods  of  two  figures 
each,  it  is  seen  that  there  are  4  figures  in  the  root.  Now, 
find  the  largest  single  number  whose  square  is  less  than 
or  equal  to  31,  the  first  period.  This  is  evidently  5,  since 
6'  =  30,  which  is  greater  than  31.  Write  it  t(;  the  right, 
as  in  long  division,  and  also  to  the  left,  as  shown  at  (a). 
This  is  the  first  figure  of  the  root.  Now,  multiply  the 
5  at  {a)  by  the  5  in  the  root,  and  write  the  result  under  the 
first  period,  as  shown  at  (b).  Subtract  and  obtain  (>  as  a 
remainder. 

Bring  down  the  next  period,  50,  and  annex  it  to  ihc 
remainder  6,  as  shown  at  (r),  which  we  call  the  <llvi<lon(l. 
Add  the  root  already  found  to  the  o  at  {a),  gettinjs^  10,  and 
annex  a  cipher  to  this  10,  thus  making  it  loo,  as  shown  at 
{d)y  which  we  call  the  trial  divisor.  Divide  the  divi- 
dend {c)  by  the  trial  divisor  {d)  and  obtain  (J,  which  is 
probably  the  next  figure  of  the  root.  Write  n  in  the  root, 
as  shown,  and  also  add  it  to  100,  the  trial  divisor,  making  it 
106.     This  is  called  the  complete  divisor. 
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Multiply  this  by  6,  the  second  figure  in  the  root,  and  sub- 
tract the  result  from  the  dividend  (c).  The  remainder  is 
14,  to  which  annex  the  next  period,  making  it  1457,  as 
shown  at  (^),  which  we  call  the  new  dividend.  Add  the 
second  figure  of  the  root  to  the  complete  divisor,  100,  and 
annex  a  cipher,  thus  getting  1120.  Dividing  1457  by  1120, 
we  get  1  as  the  next  figure  of  the  root.  Adding  this  last 
figure  of  the  root  to  1120,  multiplying  the  result  by  it,  and 
subtracting  from  1457,  the  remainder  is  330. 

Annexing  the  next  and  last  period,  69,  the  result  is  33009. 
Now,  adding  the  last  figure  of  the  root  to  1121  and  annex- 
ing a  cipher  as  before,  the  result  is  11220.  Dividing 
33009  by  11220,  the  result  is  3,  the  fourth  figure  in  the 
root.  Adding  it  to  11220  and  multiplying  the  sum  by  it, 
the  result  is  33069.  Subtracting,  there  is  no  remainder; 
hence,  |/31,505,709  =  5,613. 

16,  The  square  of  any  number  wholly  decimal  always 
contains  twice  as  many  figures  as  the  number  squared. 
For  example,  ,V  =  .01,  .13'  =  .0169,  .751'  =i  .564001,  etc. 

16.  It  will  also  be  noticed  that  the  number  squared  is 
always  less  than  the  decimal.  Hence,  the  square  root  of  a 
number  wholly  decimal  is  greater  than  the  number  itself. 
If  it  be  required  to  find  the  square  root  of  a  decimal,  and 
the  decimal  has  not  an  even  number  of  figures  in  it,  annex 
a  cipher.  The  best  way  to  determine  the  number  of  figures 
in  the  root  of  a  decimal  is  to  begin  at  the  decimal  point,  and, 
going  towards  the  rights  point  off  the  decimal  into  periods 
of  two  figures  each.  Then,  if  the  last  period  contains  but 
one  figure,  annex  a  cipher. 

17.  Example. — What  is  the  square  root  of  .000576  ? 

root 
Solution.—  2  .0  00  5  7  6  (  .0  2  4    Ans. 

2  4 

40  776 

4  176 
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Explanation. — Beginning  at  the  decimal  point  and  point- 
ing off  the  number  into  periods  of  two  figures  each,  it  is 
seen  that  the  first  period  is  composed  of  ciphers;  hence,  the 
first  figure  of  the  root  must  be  a  cipher.  The  remaining 
portion  of  the  solution  should  be  perfectly  clear  from  what 
has  preceded. 

18.  If  the  number  is  not  a  perfect  power,  the  root  will 
consist  of  an  interminable  number  of  decimal  places.  The 
result  may  be  carried  to  any  required  number  of  decimal 
places  by  annexing  periods  of  two  ciphers  each  to  the  num- 
ber. 

10.  Example. — What  is  the  square  root  of  3  ?  Find  the  result 
to  five  decimal  places. 

Solution.—    1  3.0  O'O  00  00  O'O  0  (  1.7  3  2  0  5+     Ans. 

1         1 

20        200 

7        189 


27         1100 
7         10  2  9 


840  7100 

3  0934 


343  1700000 

8  17  3  2  0  2  5 


8400  27  9  75 

2 


8462 
2 

846400 
5 

846405 

Explanation. — Annexing  5  periods  of  two  ciphers  each 
to  the  right  of  the  decimal  point,  the  first  fi;^urc  of  the  root 
is  1.  To  get  the  second  fij^ure,  we  fmd  that,  in  dividing 
200  by  20,  it  is  10.     This  is  evidently  too  large. 

Trying  9,  we  add  9  to  20  and  multiply  21^  by  1);  the  result 
is  2G1,  a  result  which  is  considerably  larger  than  200;  hence, 
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• 

9  is  too  large.  In  the  same  way,  it  is  found  that  8  is  also  too 
large.  Trying  7,  7  times  27  are  189,  a  result  smaller  than 
200 ;  therefore,  7  is  the  second  figure  of  the  root.  The  next 
two  figures,  3  and  2,  are  easily  found.  The  fifth  figure  in 
the  root  is  a  cipher,  since  the  trial  divisor,  34640,  is  greater 
than  the  new  dividend,  17600.  In  a  case  of  this  kind  we 
annex  another  cipher  to  34640,  thereby  making  it  346400, 
and  bring  down  the  next  period,  making  the  17600,  1760000. 
The  next  figure  of  the  root  is  5,  and,  as  we  now  have  five 
decimal  places,  we  will  stop. 

The  square  root  of  3  is,  then,  1. 73205+ . 

SO,     Example. — What  is  the  square   root   of  .3  to  five  decimal 
places  ? 

root 

Solution.—       5  .30'0  00  O'OO'O  0(  .54  7  7  2+    Ans. 

5  25 

100      ~l;oo 

4  416 


104  8400 

4  7000 


1080  79  100 

7  76629 


1 087  247100 

7  219084 


10940  28016 

7 


10947 

7 

1  09540 
2 

109542 


Explanation. — In  the  above  example  we  annex  a  cipher 
to  .3,  making  the  first  period  .30,  since  every  period  of  a 
decimal,  as  was  mentioned  before,  must  have  two  figures  in 
it.     The  remainder  of  the  work  should  be  perfectly  clear. 

21.  If  it  is  required  to  find  the  square  root  of  a  mixed 
number,  begin  at  the  decimal  point  and  point  off  the  periods 
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both  to  the  right  and  to  the  left.  The  manner  of  finding 
the  root  will  then  be  exactly  the  same  as  in  the  previous 
cases. 

22.     Example.— What  is  the  square  root  of  258.2449  ? 

root 

Solution.—  1  2'5  8.2  4'4  9  (  1  6.0  7    Ans. 

1  1 

To  15  8 

6  156 


26  22449 

6  2  2  4  4  9 


8200 

7 

3207 

Explanation. — In  the  above  example,  since  320  is  greater 
than  224,  we  place  a  cipher  for  the  third  figure  of  the  root 
and  annex  a  cipher  to  320,  making  it  3200.  Then,  bringing 
down  the  next  period,  49,  7  is  found  to  be  the  fourth  figure 
of  the  root.  Since  there  is  no  remainder,  the  square  root 
of  258.2449  is  16.07. 

23.  Proof.  —  To  prove  square  roof,  square  tJie  result 
obtained.  If  the  number  is  an  exaet  power ^  tJie  square  of  the 
root  ivill  equal  it;  if  it  is  not  an  exaet  power,  the  square  of 
the  root  will  very  nearly  equal  it. 

24,  Rule. — I.  Begin  at  units  plaee  and  separate  the 
number  into  periods  of  two  figures  eaeJi,  proeeedingfroni  left 
to  right  with  the  decimal  part,  if  there  be  any. 

II.  Find  the  greatest  number  whose  square  is  eontained  in 
the  firsts  or  left-hand,  period.  JVrite  this  number  as  the  first 
figure  in  the  root;  also,  write  it  at  the  left  of  the  given 
number. 

Multiply  this  number  at  the  left  by  the  first  figure  of  the 
roof,  and  subtract  the  result  from  the  first  period;  then, 
annex  tfie  second  period  to  the  remainder. 

III.  Add  the  first  figure  of  the  root  to  the  number  in  the 
first  column  on  the  left  and  annex  a  cipher  to  the  result; 
this  is  the  trial  divisor.     Divide  the  dividend  by  the  trial 


36  ARITHMETIC.  §  2 

which  will  answer  the  student's  purposes  fully  as  well  as  the 
exact  method,  and  is  far  easier  to  learn  and  apply. 

28.  In  applying  this  approximate  method,  we  find  the 
first  three  or  four  figures  of  the  root  by  means  of  a  table  in 
a  manner  to  be  described  presently  and  then  find  more  figures, 
if  necessary,  as  described  in  Arts.  35  and  36, 

29.  In  any  number,  the  figures  beginning  with  the  first 
digit*  at  the  left  and  ending  with  the  last  digit  at  the  right 
are  called  the  sli^rnlflcant  figures  of  the  number.  Thus, 
the  number  405,800  has  the  four  significant  figures  4,  0,  5,  8; 
and  the  number  .000090067  has  the  five  significant  figures 
9.  0,  0,  6,  and  7. 

The  part  of  a  number  consisting  of  its  significant  figures 
is  called  the  sigrniflcant  part  of  the  number.  Thus,  in  the 
number  28,070,  the  significant  part  is  2807;  in  the  number 
.00812,  the  significant  part  is  812;  and  in  the  number  170.3, 
the  significant  part  is  1703. 

In  sp)eaking  of  the  significant  figures  or  of  the  significant 
part  of  a  number,  we  consider  the  figures,  in  their  proper 
order,  from  the  first  digit  at  the  left  to  the  last  digit  at  the 
right,  but  we  pay  no  attention  to  the  position  of  the  decimal 
point.  Hence,  all  numbers  that  differ  only  in  the  position  of 
the  deeimal  point  have  the  same  significant  part.  For 
example,  .002103,  21.03,  21,030,  and  210,300  have  the  same 
significant  figures  2,  1,  0,  and  3,  and  the  same  significant 
part  2103. 

30.  In  the  same  manner  as  in  the  case  of  square  root,  it 
can  be  shown  that  the  periods  into  which  a  number  is 
divided  whose  cube  root  is  to  be  extracted,  must  contain 
three  figures,  except  that  the  first  (left-hand)  period  of  a 
whole  or  mixed  number  may  contain  one,  two,  or  three 
figures.  Hence,  the  first  step  in  extracting  the  cube  root  is 
to  point  off  the  number  into  periods  of  three  figures  each, 
beginning  at  the  decimal  point  and  proceeding  to  the  left  and 
to  the  right.  The  remaining  steps  are  best  illustrated  by  an 
example. 

*  A  cipher  is  not  a  digit. 
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Sqn«=. 

Cube. 

No. 

Squ«-e. 

Cube.    ■ 

Nn. 

Squue. 

--^ 

1 

I 

, 

84 

I1'56 

89804 

87 

44'RO 

800703     ^^H 

2 

4 

8 

35 

1325 

42'875 

88 

4624 

.^^^1 

8 

» 

27 

38 

I3!W 

48'e5fl 

80 

4r6i 

338500      ^^^H 

i 

18 

84 

87 

13OT 

50653 

70 

4900 

348000       ^^H 

5 

2S 

125 

38 

14'44 

54'872 

71 

50'41 

^^^M 

6 

30 

318 

m 

15'2I 

58-310 

73 

51 '84 

^^H 

7 

4& 

843 

40 

1800 

84'0O0 

78 

5829 

389017       ^^H 

8 

U 

013 

41 

I6S1 

U8'93t 

74 

54  76 

4053-24       ^^H 

8 

SI 

739 

43 

17-84 

74'088 

75 

56'23 

^^M 

10 

100 

1000 

43 

18'40 

79-507 

78 

5776 

438976        ^^H 

11 

1-81 

I'38I 

44 

1086 

85'184 

77 

59  30 

456583        ^^M 

13 

1'44 

r73S 

45 

2035 

91126 

78 

«0'84 

^^^M 

18 

168 

sm 

48 

2110 

97'336 

711 

63'41 

493039       ^^H 

14 

I'M 

2744 

47 

2300 

103'823 

80 

64'00 

513000       ^^^1 

IS 

885 

3'375 

48 

2304 

110'5fi3 

81 

6S61 

^^^1 

10 

3'66 

4'OH 

49 

3401 

117'849 

82 

67'24 

^^H 

17 

8'6» 

4'BIS 

SO 

25'00 

135  000 

83 

68'89 

^^H 

IS 

334 

6'933 

51 

3601 

132'651 

84 

7056 

592704        ^^H 

IB 

381 

6'850 

53 

3704 

140  808 

8.5 

7325 

814135         ^^1 

30 

400 

8000 

S3 

28  09 

148-877 

66 

73'96 

6360,^9                    1 

21 

441 

0281 

54 

20'18 

I57'4e4 

87 

75'69 

6.W503                      1 

23 

i'U 

10848 

50 

30'2n 

ie6'875 

68 

7T44 

68r473 

S3 

a^ 

i2'ia7 

68 

31 '36 

175616 

89 

79'21 

704'9fl9 

2i 

378 

13824 

57 

32'4B 

185' 103 

01) 

8100 

739-000                       ' 

25 

8as 

13'B35 

58 

33  84 

195113 

ei 

8381 

753571 

M 

8'7a 

I7B7fi 

59 

34'81 

a05'37B 

93 

84'64 

778'0a8 

37 

T29 

1»'68J{ 

80 

se'oo 

aio'oou 

93 

8fl'49 

804  357 

SS 

T84 

ai'Bss 

61 

3T31 

220  981 

94 

88'36 

830  584 

M 

8'41 

34  3811 

03 

3844 

23S'838 

95 

90-25 

857'375 

30 

900 

2T0OO 

88 

3B'69 

a50'047 

06 

9316 

884'738 

81 

D'81 

SeTDl 

84 

40'98 

363144 

07 

9409 

912'673 

83 

10  34 

33788 

85 

4325 

274-625 

U8 

96  04 

941' 193 

33 

1080 

35'937 

68 

43  56 

a87'496 

98 

9801 

970399 

BxAMFLa.— Bitract  the  cube  root 
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J 

Souunon. — Pointing  off   into   pi 

riods   of 

three 

figures 

^ch,  we         ^J 

have   1«)'634.   two  periods  of  three 

figures  es 

ch; 

hence.    Ih 

B  whole-      ^^H 

niunbcr  part  of  the  root  will  conta 

a  two  fig 

ures. 

Relerrin 

g  to  the       ^^H 

labk-  of   Squnrea  and   Cubes,   and 

ooking   i 

1   the 

ciilumn 

^^^M 

-Cute"   (thi-SL-   L-.ilumns   cotilnin    Ih 

c    tulws 

■ 

.f  th 

■ 

■ 

the      ^^H 
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columns  headed  *'No.'*),  we  see  that  the  given  number  falls  between 
157,464,  the  cube  of  54,  and  166,375,  the  cube  of  55.  Hence,  the  required 
cube  root  is  544-.  Now  find  the  difference  between  the  two  numbers  in 
the  table  between  which  the  given  number  falls,  and  call  the  result  the 
flpst  difference,  in  this  case  166,375  -  157,464  =  8,911.  Also  find 
the  difference  between  the  given  number  and  the  smaller  of  the  two 
numbers  in  the  table  between  which  it  falls,  and  call  the  result  the 
second  difference,  in  this  case  160.524  -  157.464  =  3.060.  Now 
divide  the  second  difference  by  the  first  difference  and  carry  the  result 
to  three  decimal  places,  increasing  the  second  figure  of  the  decimal  by  1 
if  the  third  figure  is  5  or  greater,  thus:  3,060  -t- 8,911  =  .343+.  or  .34. 
The  decimal  .34  is  the  next  two  figures  of  the  root.  Hence,  the  cube 
root  of  100,524,  or  ^/l (JO, 524,  is  54.34  to  four  significant  figures.     Ans. 

31.  Had  the  given  number  been  160.524,  .160524, 
.000100524,  or  100,524,000,  the  figures  of  the  root  would  have 
been  exactly  the  same,  the  position  of  the  decimal  point  only 
being  changed,  the  reason  being  that  there  are  the  same  num- 
ber of  figures  in  the  left-hand  period  of  the  significant  part 
of  the  given  number.  Hence,  j/l 60. 524  =  5.434+,  i/.160524 
=  .5434+,  K  000100524  =  .05434+,  and  1/160,524,000 
=  543.4+. 

Suppose,  however,  that  the  given  number  had  been 
10.052.4.  10.0524,  or  .0160524,  etc. ;  then,  pointing  if  off  into 
periods,  in  the  usual  manner,  we  should  have  10'052.400, 
10.0o2'400,  or  .010'052'400,  etc.,  and  the  left-hand  period  of 
the  significant  part  of  the  number  contains  only  two  signifi- 
cant figures,  instead  of  three,  as  in  the  former  case  ;  in  other 
words,  the  left-hand  period  is  16  instead  of  160.  Since  the 
cul>e  roi>t  of  10  is  entirely  different  from  the  cube  root  of  160, 
it  is  evident  that  great  care  must  be  taken  to  point  off  the 

eriods  correctly. 

aUJIPI-B,—  I  16.052.4  =  ? 

C>ti»Tlox. — Pointing  off  into  periods  of  three  figures  each,  we  have 

^400,  annexing  two  ciphers  lo  complete  the  right-hand  decimal 

(ott     Referring  to  the  table,  we  ><;-e  that  only  two  periods  are  given; 

theretV»iv  dr\>p  the  ihirxl  jxri^xi  ar.d  rind  the  cube  root  of  16052. 

e  neri\Hl  drv^pixxl  will  in  n\»  va><^  anect  the  r.»ot  when  only  four  figures 

iKmiul:  but  had  the  {vriv»vl  virv^pixV.  lx;-tn  oi>»K>r  larger,  1  would  have 

^MjMkltHl  to  the  U>t   f;j;;:rt*  w:  :he  sevvr.d  i^eritxi.     Referring  to  the 

I  lu^  Ivtwcvn  I5<i^\  the  ouV  of  :?.\  and  17  576.  the  cube 
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of  26.     The  first  difference  is  17.r)76  —  15.625  =  1,951 ;  the  second  differ- 
ence is_16^052  -  15.625  =  427;  and  427  -f- 1.951  =  .218-h.  or  .23.     Hence. 
f^l6T052.4  =  25.22  to  four  figures.     Ans. 

32.  Example. — What  is  the  cube  root  of  .003  ? 

Solution. — Since  the  number  is  entirely  decimal,  the  root  is  entirely 
decimal.  The  given  number  has  but  one  period  and  but  one  figure  in 
that  period  to  be  considered,  since  the  two  ciphers  on  the  left  are  not 
significant  figures.  The  figures  of  the  root  will  be  exactly  the  same  as 
those  in  the  cube  root  of  3  or  the  cube  root  of  3,000;  hence,  for  con- 
venience, we  neglect  the  decimal  point  for  the  present  and  find  the  cube 
root  of  3,000.  Referring  to  the  table.  3000  lies  between  2  744.  the 
cube  of  14.  and  3'375,  the  cube  of  15 ;  the  first  two  figures  of  the  root  are, 
therefore.  14.  The  first  difference  is  3.375  -  2.744  =  631 ;  the  second 
difference  is  3.000  -  2.744  =  256;  and  256  -«-  631  =  .405+  or  .41.  There- 
fore, the  first  four  figures  of  the  root  are  1441.  To  locate  the  decimal 
point,  we  employ  the  following  principle :  TAe  cube  root  of  any  number 
'wholly  decimal  will  have  as  many  ciphers  between  the  decimal  and 
the  first  significant  figure  of  the  root  as  there  are  cipher  periods  of 
three  ciphers  each  between  decimal  point  and  the  first  significant 
figure  of  the  given  number.  In  the  present  example  there  are  no 
cipher  periods  between  the  decimal  point  of  the  given  number,  .003,  and 
the  first  significant  figure;  hence,  ^.003  =  .1441.     Ans. 

33.  We  extracted  the  cube  root  of .  003  by  assuming  it  to 
be  3,000  instead  of  3,  in  order  to  obtain  two  periods  and  get 
two  figures  of  the  root  from  the  table.  The  fourth  figure  of 
the  root  just  found  is  not  quite  correct — it  ought  to  have 
been  2  instead  of  1 — in  other  words,  the  fourth  figure  can- 
not always  be  relied  upon  as  being  absolutely  exact ;  it  may 
be  1  or  2  less. 

34.  Rule. — Point  off  the  number  into  periods  of  three 
figures  each,  beginning  at  the  decimal  point ,  proceeding  to  the 
left  and  right.  Consider  the  first  two  periods  and  find  in  the 
table  in  the  columns  headed  **  Cube  *'  the  tivo  numbers  betivcen 
which  the  first  two  periods  of  the  given  number  falls.  The 
first  two  figures  of  the  root  will  be  found  opposite  the  smaller 
of  the  two  numbers  in  the  nearest  column  to  the  left,  headed 
^^  No.'*  Find  the  difference  between  the  two  numbers  in  the 
column  headed  **  Cube'' ;  also  find  the  difference  between  the 
smaller  of  these  numbers  and  the  first  two  periods  of  the  given 
number.     Divide  the  second  difference  by  the  first,  carrying 
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zcf  /T*/rircr  zr  zc^ri  ffi:*^  ctiC  znrreasing  the  second  figure 
h  Z.  r-  zLr  zizy^c  ifi.-^s  z:  I  ir^  f^razrr.  The  first  t-u'o  figures 
rfzhzs  riij772zT^  zi^'  1k  zu:  zkr^c  aal  f mart  h  figures  of  the  root. 


Af  scEi.-t?f   ir  Atl.  S3L  ibe  icurrth   figure  cannot 
ajvETfi  tit  5*c»sii5*;f  TTiint :  ben  net,  liiree  furures  of  the  root 

.^  .^  mm  ^- 

are-  eZ  inz-t  irt-  ntr  lit  ibsrihrrttrr  snrt  of  as  being  correct. 
If  r:  f^b.^iLif  zvt  i^'^z^sssiTj  t:  'xmz  mare  ihan  three  or  four 
igxrttf  vnf  *L!if  r.t.c,  r:  rir  :•^  tasHy  done  as  follows: 

FiDC  "Lbe  rr?c  f  rur  Ml^r^es  us  iLtK'Te  described  and  locate 
Ibe  drc™i£l  prdr'L  XtriD*  ibe  ^ivcn  Tsirmber  bv  the  root  as 
lomG  arid  zsrrj  iht  coroeri  i:»  f»  i«r  7  fignresi.  Divide  this 
quorjeni  bj  zjyt  rz^za^  and  canj  Ibe  quotient  to  6  figures. 
Tben  add  the  ias:  qrjcciei:":  and  ibe  rwo  divisors  together 
and  divide  the  s^ozn  bj  5;  tbe  i«sa3t  wiD  be  the  root  correct 
to  ^  or  f*  figTu^esL 

36L     FTiWTgj, — Find  t^  nfi«  rcK<  <tf  MISi  to  7  figures. 

Sc»Lmc«. — la  An_  9QL  ibt  rivt  to  focr  figtmes  was  found  to  be 
M.^  Prcc«c<!ing  as  xn  An.  SS«  jMISM  <«-  M.S4  =  l^l^.OST ;  2,5^.067 
^  M.S4  =  M»»;,  M14  -M^  ^  M-IMOM  =  l€El<Md66:  163.0426  -^  3 
=  ^SfTli&.    Tberefcsrv,  ^  l«C«,^di  =  ^147S3i,  OMTCCt  to  7  figurciv    Ans. 

37.  Tbe  method  illustraied  in  tbe  example  of  Art.  37 
is  perfectly  general,  but  i:  5  figures  only  of  the  root  are 
required,  the  f  rurib  and  fifth  figures  may  be  determined  in 
an  ea^^ier  manner  by  adding  a  correction  to  the  root  as  found 
by  applying  the  rule  of  Art.  34.  Tbe  correction  is  deter- 
mined as  f<:>llc>ws:  Wben  di\-iding  tbe  second  difference  by 
the  first  diflference  carry  the  quotient  to  4  decimal  places, 
increasing  the  fourth  figure  by  1  if  the  fifth  fig^ure  is  5  or 
greater.  Consider  the  quotient  as  a  decimal  and  subtract 
it  from  1.  Multiply  the  remainder  by  the  quotient  and 
divide  the  product  by  the  first  two  figures  of  the  root,  as 
found  from  the  table,  carrying  the  quotient  to  four  decimal 
pla'.es.  Then  add  this  quotient  to  the  quotient  previously 
found,  and  the  sum  will  be  the  third,  fourth,  and  fifth  figures 
of  th'!  n//;t.  Thus,  referring  to  Art.  30,  the  quotient  is. 3434; 
I  .'.HM  ~  .(;r,r,i;;  .3434  x  .♦>5G6  -v-  54  =  .0042;  .3434  + .0042 
/MKif.     The  roijt  is,  therefore,  54.348  to  five  figures. 
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RATIO. 

38,  Suppose  that  it  is  desired  to  compare  two  numbers, 
say  20  and  4.  If  we  wish  to  know  how  many  times  larger 
20  is  than  4,  we  divide  20  by  4  and  obtain  5  for  the  quotient ; 
thus,  20  -^  4  =  5.  Hence,  we  say  that  20  is  5  times  as  large 
as  4,  i.  e.,  20  contains  5  times  as  many  units  as  4.  Again, 
suppose  we  desire  to  know  what  part  of  20  is  4.  We  then 
divide  4  by  20  and  obtain  -J;  thus,  4  H-  20  =  J,  or  .2.  Hence, 
4  is  -J,  or  .2,  of  20.  This  operation  of  comparing  two  num- 
bers is  termed  fiiiding  the  ratio  of  the  two  numbers.  Ratio, 
then,  is  a  comparison.  It  is  evident  that  the  two  numbers 
to  be  compared  must  be  expressed  in  the  same  unit;  in 
other  words,  the  two  numbers  must  both  be  al)stract  num- 
bers or  concrete  numbers  of  the  same  kind.  For  example, 
it  would  be  absurd  to  compare  20  horses  with  4  birds,  or 
20  horses  with  4.  Hence,  ratio  may  be  defined  as  a  com- 
parison between  two  numbers  of  the  same  kind. 

39,  A  ratio  may  be  expressed  in  three  ways;  thus,  if  it  is 
desired  to  compare  20  and  4  and  express  this  comi)arison  as 

a  ratio,  it   may  be  done  as  follows:    20 -f-  4;    20  :  4,  or  '^  . 

All  three  are  read  the  ratio  of  20  to  Jf.     The  ratio  of  4  to  '^0 

4 
would  be  expressed  thus:    4-^20;    4  :  20,  or  -  .     1'he  first 

method  of  expressing  a  ratio,  although  correct,  is  seldom  or 
never  used;  the  second  form  is  the  one  oftenest  met  with, 
while  the  third  form,  called  the  fractional  form,  possesses 
great  advantages  to  students  of  algebra  and  of  liiglier 
mathematical  subjects.  The  second  form  is  bettor  adapted 
to  arithmetical  subjects  and  is  one  we  shall  ordinarily  adopt. 

40,  The  terms  of  a  ratio  are  the  two  numbers  to  hc^ 
compared;  thus,  in  the  above  ratio,  20  and  4  are  the  terms. 
When  both  terms  are  considered  together,  they  arc  ealled  a 
couplet;  when  considered  separately,  the  first  term  is  called 
the  antecedent  and  the  second  term  the  <*<)nse(nuMi(. 
Thus,  in  the  ratio  20  :  4,  20  and  4  form  a  couplet,  and  rio  is 
the  antecedent  and  4  the  consequent. 
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41,  A  ratio  may  be  direct  or  Inverse.  The  direct  ratio 
of  20  to  4  is  20  :  4,  while  the  inverse  ratio  of  20  to  4  is  4  :  20. 
The  direct  ratio  of  4  to  20  is  4  :  20,  and  the  inverse  ratio  is 
20  :  4.  An  inverse  ratio  is  sometimes  called  a  reciprocal 
ratio.  The  reciprocal  of  a  number  is  1  divided  by  the 
number.  Thus,  the  reciprocal  of  17  is  ^;  of  f  is  1  -^  f  =  | ; 
i.  e. ,  the  reciprocal  of  a  fraction  is  the  fraction  inverted. 
Hence,  the  inverse  ratio  of  20  to  4  may  be  expressed  as  4  :  20, 
or  as  2^  :  \.     Both  have  equal  values ;    for,  4  -^  20  =  ^,  and 

43.  The  term  vary  implies  a  ratio.  \v  hen  we  say  that 
two  numbers  vary  as  some  other  two  numbers,  we  mean  that 
the  ratio  between  the  first  two  numbers  is  the  same  as  the 
ratio  between  the  other  two  numbers. 

43.  The  value  of  a  ratio  is  the  result  obtained  by  per- 
forming the  division  indicated.  Thus,  the  value  of  the  ratio 
20  :  4  is  5 — it  is  the  quotient  obtained  by  dividing  the  ante- 
cedent by  the  consequent.  The  value  of  a  ratio  is  always 
an  abstract  number,  regardless  of  whether  the  terms  are 
abstract  or  concrete  numbers 

44.  When  a  ratio  is  expressed  in  words,  as  the  ratio  of 
20  to  4,  the  first  number  named  is  always  regarded  as  the 
antecedent  and  the  second  as  the  consequent,  without  regard 
to  whether  the  ratio  itself  is  direct  or  inverse.  When  not 
otiierivise  specified^  all  ratios  are  understood  to  be  direet.  To 
express  an  inverse  ratio,  the  simplest  way  of  doing  it  is  to 
express  it  as  if  it  were  a  direct  ratio,  with  the  first  number 
named  as  the  antecedent,  and  then  transpose  the  antecedent 
to  the  place  occupied  by  the  consequent  and  the  consequent  to 
the  place  occupied  by  the  antecedent;  or  if  expressed  in  the 
fractional  form,  invert  the  fraction.  Thus,  to  express  the 
inverse  ratio  of  20  to  4,  first  write  it  20  :  4,  and  then,  trans- 
posing the  terms,  as  4  :  20 ;  or  as  ^^,  and  then  inverting,  as  ^. 
Or,  the  reciprocals  of  the  numbers  may  be  taken,  as  explained 
above.     To  Invert  a  ratio  is  to  transpose  its  terms. 
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45.  Instead  of  expressing  the  value  of  a  ratio  by  a  single 
number,  as  above,  it  is  convenient  to  express  it  by  means  of 
another  ratio  in  which  the  consequent  is  1.  Thus,  suppose 
that  it  is  desired  to  find  the  ratio  of  the  weights  of  two  pieces 
of  iron,  one  weighing  45  pounds  and  the  other  weighing 
30  pounds.  The  ratio  of  the  heavier  to  the  lighter  is  then 
45  :  30,  an  inconvenient  expression.     Using  the  fractional 

45 
form,  we  have  ^,     Dividing  both  terms  by  30,*  the  conse- 
quent, we  obtain  rp,  or  1^  :  1.     This  is  the  same  result  as 
obtained  above,  for  1^  -^  1  =  1^^,  and  45  -r-  30  =  IJ. 


PBOPOKTIOX. 

46.  Proportion  is  an  equality  of  ratios,  the  equality 
being  indicated  by  the  double  colon  (::)  or  by  the  sign  of 
equality  (=).  Thus,  to  write  in  the  form  of  a  proportion  the 
two  equal  ratios,  8  :  4  and  6  :  3,  which  both  have  the  same 
value,  2,  we  may  employ  one  of  the  three  following  forms: 

8   :   4  ::  6   :   3  (1) 

8:4  =  6:3  (2) 

47.  The  first  form  is  the  one  most  extensively  used,  by 
reason  of  its  having  been  exclusively  employed  in  all  the 
older  works  on  mathematics.  The  second  and  third  forms 
are  being  adopted  by  all  modern  writers  on  mathematical 
subjects,  and  in  time  will  probably  entirely  supersede  the 
first  form.  In  this  arithmetic  we  shall  adopt  the  second 
form,  unless  some  statement  can  be  made  clearer  by  using 
the  third  form. 


♦  This  evidently  does  not  alter  the  value  of  the  ratio,  since  by  the 
laws  of  fractions,  both  numerator  and  denominator  may  be  divided  by 
the  same  number  without  chanorin^  the  value  of  the  fraction. 


changing 
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48.  A  proportion  may  be  read  in  two  ways.  The  old 
way  to  read  the  above  proportion  was  :  8  is  to  If.  as  6  is  to  3  ; 
the  new  way  is :  ihe  ratio  of  8  to  Jf.  equals  the  ratio  of  6  to  3. 
The  student  may  read  it  either  way,  but  we  recommend  the 
latter. 

49,  Each  ratio  of  a  proportion  is  termed  a  couplet.  In 
the  above  proportion,  8  :  4  is  a  couplet,  and  so  is  G  :  3. 

«50,     The    numbers   forming    the    proportion   are    called 

terms;  and  they  are  numbered  consecutively  from  left  to 

right,  thus: 

frst  second  third  fourth 

8:4=6    :    3 

Hence,  in  any  proportion,  the  ratio  of  the  first  term  to  the 
second  term  equals  the  ratio  of  the  third  term  to  the  fourth 
term. 

51.  The  first  and  fourth  terms  of  a  proportion  are  called 
the  extremes,  and  the  second  and  third  terms  the  means. 
Thus,  in  the  foregoing  proportion,  8  and  3  are  the  extremes 
and  4  and  6  are  the  means. 

53.  A  direct  proportion  is  one  in  which  both  couplets 
are  direct  ratios. 

53.  An  Inverse  jjroportlon  is  one  which  requires  one 
of  the  couplets  to  be  expressed  as  an  inverse  ratio.  Thus, 
8  is  to  4  inversely  as  3  is  to  G  must  be  written  8  :  4  =  G  :  3 ; 
i.  e.,  the  second  ratio  (couplet)  must  be  inverted. 

64.  Proportion  forms  one  of  the  most  useful  sections  of 
arithmetic.  In  our  grandfathers'  arithmetics,  it  was  called 
**The  rule  of  three." 

56.     Rule. — /;/     any    proportion^    the    product    of    the 

extremes  equals  the  product  of  the  means. 
Thus,  in  the  proportion, 

17  :  51  =  14  :  42. 

17  X  42  =  51  X  14,  since  both  products  equal  714. 

56.  Rule. —  The  product  of  the  extretnes  divided  by 
either  mean  gives  the  other  mean. 
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Example. — ^What  is  the  third  term  of  the  proportion  17  :  51  =      :  42  ? 

Solution.— Applying  the  rule.  17  x  42  =  714,  and  714  -i-  51  =  14. 

Ans. 

67.  Rule. — The  product  of  the  means  divided  by  either 
extreme  gives  the  other  extreme. 

Example. — What  is  the  first  term  of  the  proportion     :  51  =  14  :  42  ? 

Solution.— Applying  the  rule.  51  x  14  =  714,  and  714  -i-  42  =  17. 

Ans. 

58.  When  stating  a  proportion  in  which  one  of  the  terms 
is  unknown,  represent  the  missing  term  by  a  letter,  as  x. 
Thus,  the  last  example  would  be  written 

;r  :  51  =  14  :  42, 

and  for  the  value  of  x  we  have  x  =  — 7- —  =17. 

42 

59.  The  principle  of  all  calculations  in  proportion  is 
this  :  Three  of  the  terms  are  always  given  and  the  remain- 
ing one  is  to  be  found, 

60.  Example. — If  4  men  can  earn  $25  in  one  week,  how  much 
can  12  men  earn  in  the  same  time  ? 

Solution. — The  required  term  must  bear  the  same  relation  to  the 
given  term  of  the  same  kind  as  one  of  the  remaining  terms  boars  to 
the  other  remaining  term.  We  can  then  form  a  proportion  by  which 
the  required  term  may  be  found. 

The  first  question  the  student  must  ask  himself  in  every  calculation 
by  proportion  is:  "What  is  it  I  want  to  find?"  In  this  case  it  is 
dollars.  We  have  t\eo  sets  of  men,  one  set  earning  $2."),  and  we  want 
to  know  how  many  dollars  the  other  set  earns.  It  is  evident  that  the 
amount  12  men  earn  bears  the  same  relation  to  the  amount  that  4  men 
earn  as  12  men  bears  to  4  men.  Hence,  we  have  the  proportion,  the 
amount  12  men  earn  is  to  $25  as  12  men  is  to  4  men;  or,  since  either 
extreme  equals  the  product  of  the  means  divided  by  the  other  extreme, 
we  have 

The  amount  12  men  earn  :  $25  =  12  men  :  4  men, 

825  X  12 
or  the  amount  12  men  earn  =  — '—. — -  =  $75.     Ans. 

4 

Since  it  matters  not  which  place  .r,  or  the  re(iuired  term,  occupies, 
the  problem  could  be  stated  in  any  of  the  following  forms,  the  value  of 
X  being  the  same  ia  each: 
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(a)    S35  :  the  amomit  13  men  cam  =  4  men  :  12  men :  or  the  amount 

fSSX  12         ^^ 
12  men  cam  =  — .  or  $75,  smce  either  mean  equals  the  product 

of  the  extremes  dirided  by  the  other  mean. 

(d)    4  men  :  12  men  =  $35  :  the  amount  12  men  earn;  or  the  amount 

$25  X  12        ^, 
that  12  earn  = — ,  or  $75,  smceeither  extreme  equals  the  product 

of  the  means  divided  bj  the  other  extreme. 

(c)    12  men  :  4  men  =  the  amoont  12  men  earn  :  $25;  or  the  amount 

^^  X  12  __ 

that  12  men  earn  =  — j ,  or  $75,  since  either  mean  equals    the 

product  of  the  extremes  divided  by  the  other  mean. 

61.  If  the  proportion  is  an  inverse  one,  first  form  it  as 
though  it  were  a  direct  proportion  and  then  invert  one  of 
the  couplets. 


ISXAMPI^ES  Ton  PRACnCK. 

62.     Find  the  value  of  jr  in  each  of  the  following: 


(a) 

$16  :  $64  =  X :  $4. 

{-) 

x  =  |L 

{^) 

X :  85  =  iO  :  17. 

(6) 

x=50. 

W 

24  :  X  =  15  :  40. 

(f) 

x=64. 

(^) 

18  :  M  =  2  :  jr. 

Ans.  ' 

{d) 

x=10|. 

W 

$75  :  $100  =  X  :  100. 

(e) 

j=  75. 

(/) 

15  pwt.  :  X  =  21  :  10. 

(/) 

X  =  7|  pwt. 

(^) 

X  :  75  yd.  -  $15  :  $5. 

U) 

X  =  225  yd. 

1.  If  75  pounds  of  lead  cost  $2.10,  what  would  125  pounds  cost  at  the 
same  rate  ?  Ans.  $3.50. 

2.  If  A  does  a  piece  of  work  in  4  days  and  B  does  it  in  7  days,  how 
long  will  it  take  A  to  do  what  B  does  in  63  days  ?  Ans.  86  days. 

3.  The  circumferences  of  any  two  circles  are  to  each  other  as  their 
diameters.  If  the  circumference  of  a  circle  7  inches  in  diameter  is 
22  inches,  what  will  be  the  circumference  of  a  circle  81  inches  in 
diameter  ?  Ans.  97f  in. 

I]S^rERSE    PROPORTION, 

63.  In  Art.  53,  an  inverse  proportion  was  defined  as  one 
which  required  one  of  the  couplets  to  be  expressed  as  an 
inverse  ratio.  Sometimes  the  word  inverse  occurs  in  the 
statement  of  the  example;  in  such  cases  the  proportion  can 
be  written  directly,  merely  inverting  one  of  the  couplets. 


s« 
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But  it  frequently  happens  that  only  by  carefully  studying  I 
the  conditions  of  the  example  can  it  be  ascertained  whether  4 
the  proportion  is   direct  or  inverse.     When   in  doubt,  the  | 
student  can  always  satisfy  himself  as  to  whether  the  propor- 
tion is  direct  or  inverse  by  first  ascertaining  what  is  required,  1 
and  stating  the  proportion  as  a  direct  proportion.     Then,  ii 
order  that  the  proportion  may  be  true,  if  the  first  term  i 
smaller  than  the  second  term,  the  third  term  must  be  smaller  \ 
than  the  fourth  :  or  if  the  first  term  is  larger  than  the  second 
term,  the  third  term  must  be  larger  than  the  fourth  term. 
Keeping  this  in  mind,  the  student  can  always  tell  whether 
the  required  term  will  be  larger  or  smaller  than  the  other  term 
of  the  couplet  to  which  the  required  term  belongs.     Having 
determined  this,  the  student  then  refers  to  the  example  and 
ascertains  from  its  conditions  whether  the  required  term  ia  . 
to  be  larger  or  smaller  than   the  other  term  of  the  same 
kind.     If  the  two  determinations  agree,  the  proportion  is 
direct;  otherwise,  it  is  inverse,  and  one  of  the  couplets  must 
be  inverted. 

64.     ExAMPLB. — A's  rate  of  doing  work  is  to  B'a  as  5  ;  7;  if  A 
does  a  piece  of  work  in  43  days,  in  what  time  will  B  do  it  ? 

So^UTIOl^.— The  required  term  is  the  number  of  days  it  will  take  B 
to  do  the  work.     Hence,  stating  as  a  direct  proportion. 

5  :  7  =  42  :  J-. 
Now,  since  7  is  greater  than  B,  x  will  be  greater  than  42,  But.  refer- 
ring to  the  statement  of  the  example,  it  is  easy  to  see  that  B  works 
faster  than  A;  hence  il  will  lake  B  a  trss  number  of  days  to  do  the 
work  than  A.  Therefore,  the  proportion  is  an  inverse  one,  and  should 
be  stated 

6   :  7  =  -r  :  43, 


from  which  X  = 


=  80  days,     Ans. 


Had  the  example  been  stated  thus;  The  time  that  A  requires  to  do 
a  piece  of  work  is  to  the  time  that  B  requires  as  5  ;  7;  A  can  do  it  in 
43  days,  in  what  time  can  B  do  it  ?  it  is  evident  that  it  would  take  B 
a  longer  time  tn  do  the  work  than  it  would  A  ;  hence,  x  would  be 
greater  than  4S,  and  the  proportion  would  be  direct,  the  value  of  j:  being 
=  58.6  days. 
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jk3CPL£$  worn  psjkcncK. 


S5m    Soire  the  foS*y»Tcg 

L  If  a  pcnzip  vitkia  discbar^ges  4  gaL  o€  vater  per  min.  can  fill 
a  tank  in  ^  hr^  hov  locs^  will  it  take  a  pomp  discharging  12  gaL  per 
min.  to  fin  it  ?  Ans.  6|  hr. 

2L  The  drcuhw  seam  of  a  bouer  reqmres  ^  riTets  when  the  pitch 
is  ^  in. ;  bov  macj  wocid  be  reqiured  if  the  pitch  were  Sf  in.  ? 

Ans.  40. 

%.  The  spring  hangers  on  a  certain  locomotiTe  are  3^  in.  wide  and 
f  in.  thick ;  those  on  ancpther  engine  are  of  same  sectional  area,  but 
are  3  in.  wide :  bow  thick  are  they  ?  Ans.  f  in. 

4.  A  locomotive  with  driving  wheels  16  ft.  in  circumference  runs  a 
certain  distance  in  5.000  revolntions;  how  many  revolutions  would  it 
make  in  going  the  same  distance  if  the  wheels  were  22  ft.  in  circum- 
ference (no  allowance  for  slip  being  made  in  either  case)  ? 

Ans.  3,636^  rev. 

XTSTT  METHOD. 

66.  In  the  older  books  on  arithmetic,  a  large  number  of 
problems  were  solved  by  proportion ;  but  these  problems  can 
be  solved  much  more  easily  by  the  unit  method,  which  we 
now  proceed  to  explain  by  means  of  examples. 

Example  1. — If  a  pump  discharg^g  4  gallons  of  water  per  minute 
can  fill  a  tank  in  20  hours,  how  long  will  it  take  a  pump  discharging 
12  gallons  per  minute  to  fill  the  tank  ? 

Solution'. — A  pump  discharging  4  gallons  per  minute  fills  the  tank 

in  20  hours.     Therefore,  a  pump  discharging  1  g^lon  per  minute  fills 

it  in  4  X  20  hours.     Hence,  a  pump  discharging  12  gallons  per  minute 

^11    •*  •    4  X  20  hours      20  hours      «.  .  * 

fills  It  m -^ = ~ =  6|  hr.     Ans. 

Example  2. — If  4  men  earn  $65.80  in  7  days,  how  much  can  14  men, 
paid  at  the  same  rate,  earn  in  12  days  ? 

S<^>LUTioN. —  4  men  in  7  days  earn  $65.80. 

Therefore,  1  man  in  7  days  earns  — j — . 

Therefore,  1  man  in  1  day  earns  .    '     . 

Therefore.      1  man  in  12  days  earns  ^  .^  ^  ^^. 

Therefore,  14  men  in  12  days  earn  ^^^  X  12  X  14 

4x7 
Canceling, 

14  men  in  12  days  earn  $65.80  X  3  x  2  =  $65.80  X  6  =  $394.80.    Ans. 


§  2  ARITHMETIC.  49 

67.  The  student  will  notice  that  in  the  solution  of  these 
examples,  in  the  successive  steps,  the  operations  of  mul- 
tiplication and  division  were  merely-  indicated,  and  no 
multiplication  or  division  was  performed  until  the  very  last, 
and  then  the  answer  was  obtained  easily  by  cancelation. 
In  arithmetical  calculations,  the  student  should  make  it  an 
invariable  habit  to  indicate  the  multiplications  and  divisions 
that  occur  in  the  successive  steps  of  a  sohition,  and  not  to 
perform  these  operations  until  the  very  last.  Then,  he  will 
probably  be  able  to  use  the  principle  of  cancelation. 

Example. — If  a  block  of  granite  8  feet  long,  5  f  jet  wide,  and  3  feet 
thick  weighs  7,200  pounds,  what  is  the  weight  of  a  block  of  granite 
12  feet  long,  8  feet  wide,  and  5  feet  thick  ? 

Solution. — If  a  block  8  feet  long.  5  feet  wide,  and  3  feet  thick 

weighs  7,200   pounds,  a  block  1  foot   long,  5  feet  wide,  and  3  feet 

7  200 
thick  weighs    *        pounds;  a  block  1  foot  long,  1  foot  wide,  and  3  feet 

o 

7  200 
thick  weighs  ^' — =;  and  a  block  1  foot  long,  1  foot  wide,  and  1  foot 

7  200 
thick  weighs  5- —^_ — ^  pounds.     Therefore,  by  the  same  reasoning,  a 
o  X  •>  X  o 

block  12  feet  long,  8  feet  wide,  and  5  feet  thick  weighs 


BXAMPL.es  FOU  PU.Vf'TIf'K. 

1.  If  a  pump  discharges  90,000  gallons  of  water  in  20  hours,  in  what 
time  will  it  discharge  144,000  gallons  ?  Ans.  3'2  hr. 

2.  When  the  barometer  stands  at  30  inches,  the  pressure  of  the 
atmr>sphere  is  14.7  pounds  per  square  inch.  What  is  the  atmospheric 
pressure  per  square  inch  when  the  barometer  stands  at  29..")  in(hes? 
Give  answer  correct  to  three  figures.  Ans.  14.5. 


MENSURATION  AND  USE  OF 
LETTERS  IN  FORMULAS. 


FORMULAS, 

1.  The  term  formula,  as  used  in  mathematics  and  in 
technical  books,  may  be  defined  as  a  rule  in  which  symbols 
arc  used  instead  of  words  ;  in  fact,  a  formula  may  be  regarded 
as  a  shorthand  method  of  expressing  a  rule.  Any  formula 
can  be  expressed  in  words,  and  when  so  expressed  it  becomes 
a  rule. 

Formulas  are  much  more  convenient  than  rules;  they 
show  at  a  glance  all  the  operations  that  are  to  be  performed ; 
they  do  not  require  to  be  read  three  or  four  times,  as  is  the 
case  with  most  rules,  to  enable  one  to  understand  their 
meaning;  they  take  up  much  less  space,  both  in  the  printed 
book  and  in  one's  note  book,  than  rules;  in  short,  whenever 
a  rule  can  be  expressed  as  a  formula,  the  formula  is  to  be 
preferred. 

As  the  term  **  quantity  *'  is  a  very  convenient  one  to  use, 
we  will  define  it.  In  mathematics,  the  word  quantity  is 
applied  to  anything  that  it  is  desired  to  subject  to  the  ordi- 
nary operations  of  addition,  subtraction,  multiplication,  etc., 
when  we  do  not  wish  to  be  more  specific  and  state  exactly 
what  the  thing  is.  Thus,  we  can  say  **tw()  or  more  num- 
bers," or  **two  or  more  quantities";  the  word  quantity  is 
more  general  in  its  meaning  than  the  word  number. 

2.  The  signs  used  in  formulas  are  the  ordinary  signs 
indicative  of  operations  and  the  signs  of  aggregation.     All 

§3 
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these  signs  are  explained  in  arithmetic,  but  some  of  them 
will  here  be  explained  in  order  to  refresh  the  student's 
memory. 

3.  The  signs  indicative  of  operations  are  six  in  number, 
viz.:  +,  -,  X,  -5-,    I  ,    ^. 

Division  is  indicated  by  the  sign  -r-,  or  by  placing  a  straight 
line  between  the  two  quantities.  Thus,  25  j  17,  25 /li, 
and  ff  all  indicate  that  25  is  to  be  divided  by  17.  When 
both  quantities  are  placed  on  the  same  horizontal  line,  the 
straight  line  indicates  that  the  quantity  on  the  left  is  to  be 
divided  by  that  on  the  right.  When  one  quantity  is  below 
the  other,  the  straight  line  between  indicates  that*the  quan- 
tity above  the  line  is  to  be  divided  by  the  one  below  it. 

The  sign  (  |/)  indicates  that  some  root  of  the  quantity  on 
the  right  is  to  be  taken ;  it  is  called  the  radical  si^n.  To 
indicate  what  root  is  to  be  taken,  a  small  figure,  called  the 
index,  is  placed  within  the  sign,  this  being  always  omitted 
when  the  square  root  is  to  be  indicated.  Thus,  |/25  indi- 
cates that  the  square  root  of  25  is  to  be  taken;  |^25  indicates 
that  the  cube  root  of  25  is  to  be  taken  ;  etc. 

4.  The  signs  of  aggregation  are  four  in  number;  viz., 

>  (  )»  [  ]»  ^^^  !  !>  respectively  called  the  vinculum,  the 

parenthesis,  the  braclcets,  and  the  brace;  they  are  used 
when  it  is  desired  to  indicate  that  all  the  quantities  included 
by  them  are  to  be  subjected  to  the  same  operation.  Thus, 
if  we  desire  to  indicate  that  the  sum  of  5  and  8  is  to  be  mul- 
tiplied by  7,  and  we  do  not  wish  to  actually  add  5  and  8 
before  indicating  the  multiplication,  we  may  employ  any 
one  of  the  four  signs  of  aggregation  as  here  shown:  5  +  8 
X  7,(5  +  8)  X  7,  [5  +  8]  X  7,  {5  +  8}  X  7.  The  vinculum  is 
placed  above  those  quantities  which  are  to  be  treated  as  one 
quantity  and  subjected  to  the  same  operations. 

6.  While  any  one  of  the  four  signs  may  be  used  as  shown 
above,  custom  has  restricted  their  use  somewhat.  The  vin- 
culum is  rarely  used  except  in  connection  with  the  radical 
sign.  Thus,  instead  of  writing  ^/  (5  +  8),  f/  [5  -|-  8]^  ,or 
-^  j  5  +  B  i  for  the  cube  root  of  5  plus  8,  all  of  which  wjQuld 
be  correct,  the  vinculum  is  nearly  always  used,  i/5  +  8. 
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In  cases  where  but  one  sign  of  aggregation  is  needed  (ex- 
cept, of  course,  when  a  root  is  to  be  indicated),  the  paren- 
thesis is  always  used.  Hence,  (5  +  8)  X  7  would  be  the 
usual  way  of  expressing  the  product  of  5  plus  8,  and  7. 

If  two  signs  of  aggregation  are  needed,  the  brackets  and 
parenthesis  are  used,  so  as  to  avoid  having  a  parenthesis 
within  a  parenthesis,  the  brackets  being  placed  outside. 
For  example,  [(20  —  5)  -^  3]  X  9  means  that  the  difference 
between  20  and  5  is  to  be  divided  by  3,  and  this  result  mul- 
tiplied by  9. 

If  three  signs  of  aggregation  are  required,  the  brace, 
brackets,  and  parenthesis  are  used,  the  brace  being  placed 
outside,  the  brackets  next,  and  the  parenthesis  inside.  For 
example,  1  [(20  —  5)  -^  3]  X  9  —  21 }  -^  8  means  that  the 
quotient  obtained  by  dividing  the  difference  between  20 
and  5  by  3  is  to  be  multiplied  by  9,  and  that  after  21  has 
been  subtracted  from  the  product  thus  obtained,  the  result 
is  to  be  divided  by  8. 

Should  it  be  necessary  to  use  all  four  of  the  signs  of  aggre- 
gation, the  brace  would  be  put  outside,  the  brackets  next, 
the  parenthesis  next,  and  the  vinculum  inside.  For  example, 
{[(20-5  -T-  3)  X  9  -  21]  -T-  8(  X  12. 

6.  As  stated  in  Arithmetic^  when  several  ciuantitics  are 
connected  by  the  various  signs  indicatint^  addition,  subtrac- 
tion, multiplication,  and  division,  the  operation  indicatedhy 
the  sign  of  multiplication  must  always  be  performed  fust. 
Thus,  2  +  3  X  4  equals  14,  3  being  multiplied  by  4  before 
adding  to  2.  Similarly,  10  -^  2  X  T)  ec^uals  1,  since  2  X  T) 
equals  10,  and  10  -^  10  equals  1.  Hence,  in  the  above  case, 
if  the  brace  were  omitted,  the  result  would  be  :J:,  whereas; 
by  inserting  the  brace,  the  result  is  3G. 

Following  the  sign  of  multiplication  comes  the  sign  of 
division  in  order  of  importance.  For  example,  5  —  9  -^  3 
equals  2,  9  being  divided  by  J^  before  subtracting  from  5. 
The  signs  of  addition  and  subtraction  are  of  ecjual  value: 
that  is,  if  several  quantities  are  connected  by  plus  and 
minus  signs,  the  indicated  operations  may  be  performed  in 
the  order  in  which  the  quantities  are  i)laced. 


gT»^-m.r 


jgr  jKuiu 


■9      m 


wrrarrr  ^ 


.^lesae  tlsac  al  «  use 


4U    iSasm^  ^ 

.11   3"iJ 


T3iui  at  i.  -^rj  fixsgie  nie^  htii    -^^rj  If— >.  x  xirrriiiisc. 

Aa  ^rawmacaut  ^^c  tae:  rxje  vol  minr  i^zir  imr  4.niKir":Jes 
^ri^^..  trie  su^^cn.  *:f*rxrT»r  sr»skB«ir*.  liie  jLimcii  re  tie 

five  f^^::  sitq^  vi  ^nr»r*:«^  2:5  f  :lIi:ws: 


X   - 


Ee» 


7r»U  *rzp*r*::%^ior»  '^y^'ilrl  be  ^vj-itXfzvjtA  bj  represgatn^  each 
/^j';ifr»f  it/  ^r  ^  \\u'j^ifz  I^ter:  thos,  represaum^  hocsepower 
b/  f  h/^.  I'.rv-r  '*  //,'*  the  mean  eflFective  pressure  in  pounds 
(yr  '^\s\iir*'.  ir»<h  V/  **/V  the  length  of  stroke  in  feet  by*'/.," 
fh't  ;»r^-;t  of  the  ^A'^tf/n  in  square  inches  by  •'.-1,'^  the  nnmber 
ffl  ^UtMf.%  \ffir  minute  by  '*  A'/'and  substituting  these  letters 
for  fh^  ^piantitieH  that  they  represent,  the  above 
wo«iJ/J  r*'A\u'jz  to 

P  /,  LxAx  X 


//=: 


33,000 


w 
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a  much  simpler  and  shorter  expression.     This  last  txpres- 
sion  is  called  &  formula. 

9.  The  formula  just  given  shows,  as  we  stated  in  the 
beginning,  that  a  formula  is  really  a  shorthand  method  of 
expressing  .i  rule.  It  is  customary,  however,  to  omit  the  sign 
of  multipHcalion  between  two  or  more  quantities  when  they 
are  to  be  multiplied  together,  or  between  a  number  and  a 
letter  representing  a  quantity,  it  being  always  understood 
that,  when  two  letters  are  adjacent  with  no  sign  between 
ihem.  the  quantities  represented  by  these  letters  are  to  be 
multiplied.  Bearing  this  fact  in  mind,  the  formula  just 
given  can  be  further  simplified  to 

PLAN 
33,000  ■ 

10.  The  sign  of  multiplication,  evidently,  cannot  be 
omitted  between  two  or  more  numbers,  as  it  would  then  be 
impossible  to  distinguish  the  numbers.  A  near  approach  to 
this,  however,  maybe  attained  by  placing  a  dot  between  the 
numbers  which  are  to  be  multiplied  together,  and  this  is 
frequently  done  in  works  on  mathematics  when  it  is  desired 
to  economize  space.  In  such  cases  it  is  usual  to  put  the  dot 
higher  than  the  position  occupied  by  the  decimal  point. 
Thus,  3-3  means  the  same  as  2  X  3;  542- 749-1. OOli  indicates 
that  the  numbers  643,  749,  and  1,006  are  to  be  multiplied 
together. 

It  is  also  customary  to  omit  the  sign  of  multiplication  in 
expressions  similar  to  the  following :  a  x  ^/b-\-c,  3  X  (b  -\-  c'), 
(b-\-i)  X  a,  etc.,  writing  them  a  ^b  +  c,  3  {i^  +  c),  {fi  +  c)  a, 
etc.  The  sign  is  not  omitted  when  several  quantities  are 
included  by  a  vinculum  and  it  is  desired  to  indicate  that 
the  quantities  so  included  are  to  be  multiplied  by  another 
quantity.  For  example,  'A  X  l>  -'r  c,  b  -^  C  X  a,  ^b  -^  c  y.  a, 
etc.   are  always  written  as  here  printed, 

11.  Before  proceeding  further,  we  will  explain  one  other 
device  that  is  used  by  formula  makers  and  which  is  apt 
to  puzsic  one  who  encounters  it  for  the  first  time — it   is 

!  of  what  mathematicians  call  primes  and  subs.,  and 
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what  printers  call  superior  and  inferior  characters.  As  a 
rule,  formula  makers  designate  quantities  by  the  initial 
letters  of  the  names  of  the  quantities.  For  example,  they 
represent  volume  by  f,  pressure  by  /,  height  by  //,  etc. 
This  practice  is  to  be  commended,  as  the  letter  itself  serves 
in  many  cases  to  identify  the  quantity  which  it  represents. 
Some  authors  carry  the  practice  a  little  further  and  repre- 
sent all  quantities  of  the  same  nature  by  the  same  letter 
throughout  the  book,  always  having  the  same  letter  repre- 
sent the  same  thing.  Now,  this  practice  necessitates  the 
use  of  the  primes  and  subs,  above  mentioned  when  two 
quantities  have  the  same  name  but  represent  different  things. 
Thus,  consider  the  word  pressure  as  applied  to  steam  at  dif- 
ferent stages  between  the  boiler  and  the  condenser.  First, 
there  is  absolute  pressure,  which  is  equal  to  the  gauge  pres- 
sure in  pounds  per  square  inch  plus  the  pressure  indicated 
by  the  barometer  reading  (usually  assumed  in  practice  to  be 
14r.7  pounds  per  square  inch,  when  a  barometer  is  not  at 
hand).  If  this  be  represented  by/,  how  shall  we  represent 
the  gauge  pressure  ?  Since  the  absolute  pressure  is  always 
greater  than  the  gauge  pressure,  suppose  we  decide  to  repre- 
sent it  by  a  capital  letter  and  the  gauge  pressure  by  a  small 
(lower-case)  letter.  Doing  so,  P  represents  absolute  pres- 
'sure  and  /,  gauge  pressure.  Further,  there  is  usually  a 
'*  drop  "  in  pressure  between  the  boiler  and  the  engine,  so 
that  the  initial  pressure,  or  pressure  at  the  beginning  of  the 
stroke,  is  less  than  the  pressure  at  the  boiler.  How  shall 
we  represent  the  initial  pressure  ?  We  may  do  this  in  one 
of  three  ways  and  still  retain  the  letter  /or  P\s>  represent 
the  word  pressure:  First,  by  the  use  of  the  prime  mark; 
thus,  /'  or  P'  (x^^A  p  prime  and  P  major  prime)  may  be  con- 
sidered to  represent  the  initial  gauge  pressure  or  the  initial 
absolute  pressure.  Second,  by  the  use  of  sub.  figures;  thus, 
/j  or  P^  (read  /  sub,  one  and  P  major  sub.  one).  Third,  by 
the  use  of  sub.  letters;  thus,  /,  or  Pi  (read/  sub.  i  and  P 
major  sub.  /).  In  the  same  manner  /"  (read  /  second)^  /,,  or 
Pr  might  be  used  to  represent  the  gauge  pressure  at  release, 
etc.  The  sub.  letters  have  the  advantage  of  still  further 
identifying  the  quantity  represented:  in    many  instances, 
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however,  it  is  not  convenient  to  use  them,  in  which  case 
primes  and  subs,  are  used  instead.  The  prime  notation 
may  be  continued  as  follows:  /'",  /'**,  Z**,  etc.;  it  is  inad- 
visable to  use  superior  figures,  for  example,  p\  /*,  /*,  /", 
etc.,  as  they  are  liable  to  be  mistaken  for  exponents. 

12.  The  main  thing  to  be  remembered  by  the  student  is 
that  ivhcn  a  formula  is  given  in  which  the  same  letters  occur 
several  times,  all  like  letters  having  the  same  primes  or  subs, 
represent  the  same  quantities,  while  those  which  differ  in  any 
respect  represent  different  quantities.     Thus,  in  the  formula 

xc',,  X£'„  and  w^  represent  the  weights  of  three  different 
bodies;  s^,  J,,  and  i",,  their  specific  heats;  and  /,,  /„  and  Z^, 
their  temperatures;  while  /  represents  the  final  temperature 
after  the  bodies  have  been  mixed  together.  It  should  be 
noted  that  those  letters  having  the  same  subs,  refer  to  the 
same  bodies.  Thus,  w^,  s^,  and  /,  all  refer  to  (me  of  the 
three  bodies;  7t'„  j,,  /,,  to  another  body,  etc. 

It  is  very  easy  to  apply  the  above  formula  when  the 
values  of  the  quantities  represented  by  the  different  letters 
are  known.  All  that  is  required  is  to  substitute  the  numer- 
ical values  of  the  letters  and  then  perform  the  indicated 
operations.  Thus,  suppose  that  the  values  of  a'^,  s^,  and  /, 
are,  respectively,  2  pounds,  .0951,  and  80";  of  7c',,  s„,  and  /,, 
7.8  pounds,  1,  and  80°;  and  of  Vy.\,  s^,  and  /g,  \\\  i)ounds, 
.1138,  and  780°;  then,  the  final  temperature  /  is,  substi- 
tuting these  values  for  their  respective  letters  in  the 
formida, 

%  X  .0951  X  80-f  7.8X  1  X  SO-f-.'H  X  .ll^Sx  7S0 


/  = 


2  X  .0951  +  7.8  X  l  +  .'U  X  .li:5S 
15.216+624  +  288.483      927j;91) 


.1902  +  7.8+  .30985         8.30005       ^^^^•'''^  • 

In  substituting  the  niunerical  values,  the  signs  of  multi- 
plication are,  of  course,  written  in  their  ])roi)er  i)laces;  all 
the  multiplications  are  i)erformed  before  adding,  according 
to  the  rule  previously  given. 
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13.  The  student  should  now  be  able  to  apply  any  for- 
mula involving  only  algebraic  expressions  that  he  may  meet 
with,  and  which  does  not  require  the  use  of  logarithms  for 
its  solution.  We  will,  however,  call  his  attention  to  one  or 
two  other  facts  that  he  may  have  forgotten. 

160 
Expressions  similar  to  --—t  sometimes  occur,  the  heavy  line 

l5 
indicating  that  160  is  t6  be  divided  by  the  quotient  obtained 
by  dividing  660  by  25.     If  both  lines  were  light,  it  would 
be   impossible  to   tell  whether  160  was  to   be  divided   by 

-^— -,  or  whether  -—-  was  to  be  divided  by  25.     If  this  latter 
^^  ^^^  160 


result  were  desired,  the  expression  would  be  written—-.     In 

every  case  the  heavy  line  indicates  that  all  above  it  is  to  be 

divided  by  all  below  it. 

160 
In  an  expression  like  the  following, — --,  the  heavy 

7  +  — 
^  25 

line   is   not   necessary,    since   it    is   impossible   to    mistake 

the  operation  that  is  required  to  be  performed.     But,  since 

„  ,   660       175  +  660    .,  ,     .,   ,    175  +  660  .      „   ,  660 

7  -\ = .  if  we  substitute for  7  -\ . 

^  25  25        '  ouuzjuLucc        ^^^  ^  25 ' 

the  heavy  line   becomes  necessary  in  order  to  make   the 
resulting  expression  clear.     Thus, 

160  160        _  160 

660  "  175  +  660  ""  835* 
■^25  25  25 

14,  Fractional  exponents  are  sometimes  used  instead  of 
the  radical  sign.  That  is,  instead  of  indicating  the  square, 
cube,  fourth  root,  etc.  of  some  quantity,  as  37,  by  4/37, 
4/37,  VW,  etc.,  these  roots  are  indicated  by  37*,  37*,  37*, 
etc.  Should  the  numerator  of  the  fractional  exponent  be 
some  quantity  other  than  1,  this  quantity,  whatever  it  may 
be,  indicates  that  the  quantity  affected  by  the  exponent  is 
to  be  raised  to  the  power  indicated  by  the  numerator;  the 
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denominator  is  always  the  index  of  the  root.  Hence,  instead 
of  writing  y*6T  for  the  cube  root  of  the  square  of  37,  it  may 
be  written  37',  the  denominator  being  the  index  of  the  root; 
in  other  words,  Y^V  =  37*.  Likewise,  4/(1  +  a"  by  may  also 
be  written  (1  +  a^  ^)*,  a  much  simpler  expression. 

15,  We  will  now  give  several  examples  showing  how  to 
apply  some  of  the  more  difficult  formulas  that  the  student 
may  encounter. 

I.  The  area  of  any  segment  of  a  circle  that  is  less  than 
(or  equal  to)  a  semicircle  is  expressed  by  the  formula 

in  which  A  =  area  of  segment ; 
r  =  3.141G; 
r  =  radius; 

E  =  angle  obtained  by  drawing  lines  from  the  cen- 
ter to  the  extremities  of  arc  of  segment ; 
c  =  chord  of  segment ; 
h  =  height  of  segment. 

Example. — What  is  the  area  of  a  segment  whose  rhord  is  10  in*  he -^ 
long,  angle  subtended  by  chord  is  83.40  ,  radius  is  7.")  inc  h(  s.  and 
height  of  segment  is  1.91  inches? 

Solution. — Applying  the  formula  just  given, 

=  40.968  -  27.95  =  13.018  sq.  in.,  nearly.     Ans. 

'2.  The  area  of  any  triangle  may  \k\  found  by  means  (.f 
the  following  formula,  in  which  ./  =  the  area,  and  ^^  h,  and  / 
represent  the  lengths  of  the  sides : 


4 


=*,/„._p--.-y 


Example. — What  is  the  area  of  a  iriangK;  whose  sides  arc  21  lY-ei, 
46  feet,  and  50  feet  long  ? 

Solution. — In  order  to  apply  the  formula,  suj)j)()se  we  let  a  rcj>re- 
sent  the  side  that  is  21  feet  long;  /^  the  side  that  is  50  feet  long;  and  < , 
the  side  that  is  46  feet  long.     Then,  substituting  in  the  formula 

J,    1,^0 
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a*-^*-t-=*      50.     _.       ,2l*-h5O=-40*   ' 


^=ii/'"-r-^^^^j  =T»  -^"-r^^^^S-) 


=y^^-r^^i:-^"V--^t  --(S/ 


=  25  i^441  -  8.25-  =  25  i^441  -  68.0625  =  25  1^372.^875 
=  25  X  19.312  =  482.8  sq.  ft.,  nearly.     Ans. 

The  operations  in  the  above  examples  have  been  extended 
much  farther  than  was  necessarv;  it  was  done  in  order  to 
show  the  student  every  step  of  the  process.  The  last  for- 
mula is  perfectly  general,  and  the  same  answer  would  have 
been  obtained  had  the  50-foot  side  been  represented  by  ^?, 
the  46-foot  side  by  ^,  and  the  21 -foot  side  by  c, 

3.  The  Rankine-Gordon  formula  for  determining  the 
least  load  in  pounds  that  will  cause  a  long  column  to  break  is 

/'> 

in  which  P  —  load  (pressure)  in  pounds ; 

5  —  ultimate  strength  (in  pounds  p>er  square  inch) 

of  the  material  composing  the  column ; 
A  =  area    of    cross-section    of     column    in    square 

inches; 
g  =  a,  factor  (multiplier)  whose  value  depends  upon 
the  shape  of  the  ends  of  the  column  and  on  the 
material  composing  the  column; 
/  =  length  of  column  in  inches; 

G  =  least    radius    of    gyration    of   cross-section    of 
column. 

The  values  of  5,  (/,  and  G^  are  given  in  printed  tables  in 
books  in  which  this  formula  occurs. 

Example. — What  is  the  least  load  that  will  break  a  hollow  steel 
column  whose  outside  diameter  is  14  inches;  inside  diameter,  11  inches; 
length,  20  feet,  and  whose  ends  are  flat  ? 

Solution.— For  steel,    5—150,000,   and   a  —  ^^  ,,,^,^  for  flat-ended 

'        2o.(KH) 

steel   columns;    A,  the   area   of   the   cross-section,  =  .7854(//|*  —  </«•) 

=  .7854(14='—  11*).  dx  aad  d%  being  the  outside  and  inside  diameters. 
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respectively ;   /  =  20  X  13  =  240  inches;  and  (7«  =  ^^il^-^^  "^"Ig— ~- 
Substituting  these  values  in  the  formula 

__       SA      __  150.000  X. 7854  (14»-11») 

l  +  i^^«  ^  "^  25,000^  14«+  IP 

16 
150,000  X  58.905      8.835,750      ,  ^, .  ,,, ,  „        , 

=      1  +  .1163      =  -ilm-  =  ''^^^*''^^  ^^-    ^"^- 

4.      Example. — When  A  =10,   ^  =  8,  C  =  5.  and  /)  =  4,  what  is 

the  value  of  iS"  in  the  following  ? 

4  //^ 

-'  -  » ^'  -^  ../  +  c- 


y/    f-22 


SoLUTioK. — (rt)  Substituting. 


«  ,8X5X4 


(^-sy 


To  simplify  the  denominator,  square  the  4  and  5,  add  the  resulting 
fraction  to  2.  and  multiply  by  10.     Simplifying,  we  have 

,         _        ,      ._      _       ,j<m]_    «.-J()0 

^~~  A/       /       ifi X  ~  /^ /  ■        «fl  ■"  '4 /  (>«M)  ~  V    :w  ' 


»/        160        _    »/    160     _     ^ /\m 


Reducing  the  fraction  to  a  decimal  before  extracting;  the  on  be  root, 

E=  ^'/6.0606  =  1.82;j.     Ans. 
(b)    Substituting, 

10       '/2X8*'  ,,,        .     -2X04 


r   10  4-22  \ 


+  22  ^       :^2 

7 +17.066+        24.060+ 

--  =:  .i.(M|S-f-.     Ans. 


10  -  |/4  « 

16.  In  the  preceding  pages,  the  unknown  (luantity  has 
always  been  represented  by  the  sinjj^h'  IctttM*  at  the  left 
of  the  sign  of  equality,  while  the  letters  at  the  ri^ht  liave 
represented  known  values  from  whieh  the  re(|uire(l  values 
could  be  found.  It  is  possible,  however,  to  find  the  vahie  of 
the  quantity  represented  by  any  letter  in  a  formula,  if  the 
values  represented  by  all  the  others  are  known.  For  example, 
let  it  be  required  to  find  how  many  strokes  per  minute  an 
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engine  having  a  piston  area  of  78.54  square  inches  must 
make  in  order  to  develop  00  horsepower,  if  the  mean  effective 
pressure  is  40  pounds  per  square  inch  and  the  length  of 
stroke  is  IJ^  ft.     By  substituting  the  given  values  in  the  for- 

^.._-^QX  IjX  78.54  X  N 
^    ""  33,000 

in  which  N,  the  number  of  strokes,  is  to  be  found. 

But  it  is  evident  that  the  expression  on  the  right  of  the 

c           r^      •              ,  .     ^OX  li  X  78.54^    ,,        .         . 
sign  of  equality  is  equal  to ovT haa X  *v,  a  fraction 

whose  numerator  is  composed  of  three  factors.  Reducing 
the  numerator  to  a  single  number  by  performing  the  indi- 
cated multiplications,  we  obtain,  after  canceling. 

If  60  equals  .119  N,  then  ^V  equals  60  divided  by  .119 ;  hence, 
-A''=  — —  =  504.2  strokes  per  minute. 

.  1. 1.  «7 

The  method  of  procedure  is  essentially  the  same  when  the 
unknown  quantity  occurs  in  the  denominator  of  a  formula. 

Thus,  in  the  formula/"  = ,  suppose  thaty=  375,  m  =  1.25, 

and  V  =  60.     Then,  substituting, 

_  1.25  X  60'  _  4,500 
r  r 

But,  if  375  equals  4,500  divided  by  r,  then  375  X  r  =  4,500; 

•  4    5Q() 

hence,  r  must  equal  4,500  divided  by  375,  or  r  =    '        =  12. 

«5/  o 


EXAMPLES  FOU  PRACTICE. 

Find  the  numerical  values  of  x  in  the  following  formulas,  when 
^  =  9,  /?  =  8,  d^  =  10,  ^  =  3,  and  ^  =  2  : 

1.  X  =  -^i  _  ^Q-  Ans.  jr=  /j. 

2.  ^  =  iliLL£>.  An&  x=\\. 

c  e 
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3. 
4. 

5. 

6. 


X  = 


X  = 


X  = 


Ae 


5 


^•-(^ 


-y 


/^f// 


^e-^') 


Ans.  .r  =  29. 


Ans.  .r  =  2. 


Ans.  .r  =  12i*j. 


Ans.  ^=  .396+. 


MENSUBATTOX. 

17.     Mensuration   treats  of   the  measurement  of  lines, 
angles,  surfaces,  and  solids. 


Fk;.  1 


B 


Fig.  2. 


X, 


lilXES   AND   AXGIiES. 

18.  A  straigrht  line  is  one  that  does  not  change  its 
direction  throughout  its  whole  length.  To  distinjj^uish  onr 
straight  line  from  another,  two  of  its 

points  are  designated  by  letters.     The  A B 

line  shown  in  Fig.  1  would  be  called  the 
line  A  B. 

19.  A  curved  line  changes  its  di- 
rection at   every  point.     Curved    lines 
are  designated  by  three  or  more  letters,   ^ 
as  the  curved  line  A  B  C\  Fig.  2. 

20.  Parallel     lines    (Fig.     3)    are      - 
those  which  are  equally  distant   from 
each  other  at  all  points. 

31.  A    line    is    perpendicular   to 

another  (see  Fig.  4)  when  it  meets  that 
line  so  as  not  to  incline  towards  it  on 
either  side. 

32.  A  vertical  line  is  one  that 
points  towards  the  center  of  the  earth, 
and  is  also  known  as  a ////////^- line. 

33.  A  horizontal  line  (see  1^'ig.  A) 
is  one  that  makes  a  right  angle  with 
any  vertical  line. 


Fig.  3. 


fk;.  4. 


Fig.  6. 
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Pig.  6. 


34.  An  angle  is  the  opening  between  two  lines  which 
intersect  or  meet;  the  point  of  meeting  is  called  the  vertex 

of  the  angle.  Angles  are  distinguished 
by  naming  the  vertex  and  a  point  on  each 
line.  Thus,  in  Fig.  6,  the  angle  formed 
by  the  lines  A  B  and  C  B  \%  called  the 
angle  A  B  Cy  or  the  angle  C B A;  the 
letter  at  the  vertex  is  always  placed  in  the  middle.  When 
an  angle  stands  alone  so  that  it  cannot  be  mistaken  for  any 
other  angle,  only  the  vertex  letter  need  be  used.  Thus,  the 
angle  referred  to  might  be  designated  simply  as  the  angle  B, 

35,  If  one  straight  line  meets  an- 
other straight  line  at  a  point  between  its 
ends,  as  in  Fig.  7,  two  angles,  A  B  C 
and   A  B  D,   are   formed,    which    are    c 
called  adjacent  angrl^s. 


36,  When  these  adjacent  angles, 
ABC  and  A  B  D,  are  equal,  as  in 
Fig.  8,  they  are  called  rigrht  ang^les. 


B 

Fig.  8. 


37»  An  acute  ang:le  is  less  than  a 
right  angle.  A  B  C,  Fig.  9,  is  an  acute 
angle. 


Fig.  9. 


28.     An   obtuse    ang^le   is    greater 
than  a  right  angle,     A  B  D  (Fig.  10)  is 
i>    an  obtuse  angle. 


29.  A  circle  (see  Fig.  11)  is  a  figure 
bounded  by  a  curved  line,  called  the  elrcuin- 
ferenccs  every  point  of  which  is  equally  dis- 
tant from  a  point  within,  called  the  center. 


FIO.  IL 
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30.  An  arc  of  a  circle  is  any  ZMkiz  :c  :: 

thus  a  e  b^  Fig.  I'i,  is  an  arc  of  the  cir:>- 

31,  The  circumference  of  everr  circje 
considered  to  be  divided  into  3^>  eqiiil  piirt: 
or   arcs,    called   degr^^ees;    everv   ca 
subdivided  into  60  equal  ports.  caZec 
utes,  and  every  minute  is  again  diviocc  in 
GO  equal  parts,  called  secoiHlSw 

Since  1  degree  is  ^^^  of  any  circi:n::er>g: 
the  length  of  a  degree  will  be  di^ereri  in 
sizes,  but  the  proportion  of  the  len^h  ic  i 
to  the  whole  circumference  will  always  : 
3^^^  of  the  circumference. 

Degrees,  minutes,  and  seo:*nds  are  fler?:c 
\  ',  '.     Thus,  the  expression  ZV  \\  44'  is 
H  minutes  44  seconds. 


s -^^r- -*'-'***> -^ " 


:i  f  iLJnrs  tit 


32.     The  arcs  of  circles  are  iised  :•:•  mt-as-zre  i^  g-jtr?.     An 
^  angle  having  its  vertex   it  the  CTt^t*-r 

of  a  circle  is  mrasiirei  ^y  th-e  ^r:   in- 
cluded   between    its    sife^  :    thns,     in 
Fig.  13,  the  arc  F B  ni-r2.5nrrs  the  in^> 
FOB.     If   the  arc  .^  S  ontiins  ir».'  . 
or  -^/^o(  the   ::r:nm:eren:e.  the  ^n^.e 
FOB  would  t-e  an  an^le::  t\'  :  if  it 
contained  :?•.»'    14    1^'.  it    w:nli   t«e  an 
angle  of  ^i'  14   I*?',  etc. 
In  the  figure,  if  the  line  (T  />  be  drawn  perpend ic- 
A  B,  the  adjacent  angles  will  be  equa".  ani  the   ::r: 
be  divided  into  four  equal  angles,  eaih  of  wh:?h  wil 

right  angle.     A  right  angle,  there:   re.  is  an  angle  of 

t. 

or  90^;  two  right  angles  are  measured  by  ISO",  or  half  the 
circumference,  and  four  right  angles  hy  the  whole  circum- 
ference, or  360^.  One-half  of  a  right  angle,  as  F  O  /»,  is  an 
angle  of  45^.  An  acute  angle  may  now  be  defined  as  an 
angle  of  less  than  90',  and  an  obtuse  angle  as  one  of  more 


c  w:II 
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than   90°.      These   values    are    important   and    should    be 
remembered. 

33.  From   the  foregoing    it  will   be  evident   that  if   a 

number  of  straight  lines  on  the  same 
side  of  a  given  straight  line  meet  at  the 
same  point,  the  sum  of  all  the  angles 
formed  is  equal  to  two  right  angles,  or 
180°.  Thus,  in  Fig.  U,  angles  C  O  B 
+  D  O  C  + EOD  +  FOE+A  OF 

=  2  right  angles,  or  180°. 

34,  Also,  if  through  a  given  point 
any  number  of  straight  lines  be  drawn, 
the  sum  of  all. the  angles  formed  about 
the  points  of  intersection  equals  four 
right  angles,  or  360°.  Thus,  in  Fig.  15, 
2Lng\^sH0F+F0C+C0A  +  A0G 
+GOE+EOD+DOB+BOH 
=  4  right  angles,  or  360°. 

Example. — In  a  flywheel  with  12  arms,  how  many  degrees  are 
there  in  the  angle  included  between  the  center  lines  of  any  two  arms, 
the  arms  being  spaced  equally  ? 

Solution. — Since  there  are  12  arms,  there  are   12  angles,   which 

together  equal  360°.     Hence,  one  angle  equals  ^j  of  360",  or  -rj.-  =  30\ 

Ans. 


EXAMPLES  FOR  PRACTICE. 

1.  How  many  seconds  are  in  32^  14'  6"  ?  Ans.  116,046  sec. 

2.  How  many  degrees,  minutes,  and  seconds  do  88,582  seconds 
amount  to?  Ans.  10"  48' 2". 

3.  How  many  right  angles  are  there  in  an  angle  of  170"  ? 

Ans.  If  right  angles. 

4.  In  a  pulley  with  five  arms,  what  part  of  a  right  angle  is  included 
between  the  center  lines  of  any  two  arms?         Ans.  |  of  a  right  angle. 

5.  If  one  straight  line  meets  another  so  as  to  form  an  angle  of 
20'  10',  what  does  its  adjacent  angle  equal  ?  Ans.  159**  50'. 

6.  If  a  number  of  straight  lines  meet  a  given  straight  line  at  a 
given  point,  all  being  on  the  same  side  of  the  given  line,  so  as  to  form 
six  equal  angles,  how  many  degrees  are  there  in  each  angle  ?    Ans.  80°. 
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QUADRIIiATERAI^S. 

35.  A  plane  flg^iire  is  any  part  of  a  plane  or  flat  sur- 
face bounded  by  straight  or  curved  lines. 

36.  A  quadrilateral  is  a  plane  figure  bounded  by  four 
straight  lines. 

37.  A  paralleloip^in  is  a  quadrilateral  whose  opposite 
sides  are  parallel. 

There  are  four  kinds  of  parallelograms:   the  sqiiai-e,  the 
rectaiiflTle,  the  rhombus,  and  the  rhomboid. 


38.     A  rectangrle  (Fig.  16)  is  a  parallelo- 
gram whose  angles  are  all  right  angles. 


Fig.  ig. 


39.     A    square   (Fig.  IT)    is   a   rectangle 
whose  sides  are  all  of  the  same  length. 


Fig.  17. 

40.  A  rhomboid  (Fig.  18)  is 
a  parallelogram  whose  opposite 
sides  are  equal  and  parallel,  and 
whose  angles  are  not  right  angles. 


ri«;.  IS. 


41.     A  rhombus  (I'ii^.  lO)   is 
a     parallelogram     having     ecjiial 
sides,  and   whose   angles  art'  not 
right  angles. 
Fig.  19. 

42.  A  trapezoid  (Fig.  20)  is 
a  quadrilateral  which  has  only  two 
of  its  sides  parallel. 

43.  The  altltu<le  of  a  parallelogram  or  a  trapezoid  is 
the  perpendicular  distance  between  the  i)arallel  lines,  as 
shown  by  the  vertical  lines  in  Figs.  IS,  ID,  and  :li). 

44.  The  base  of  afij'  plane  figure  is  the  side  on  which 
it  is  supposed  to  stand. 


Fi<_i.  '^.). 
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45.  The  area  of  a  surface  is  expressed  by  the  number 
of  unit  squares  it  will  contain. 

46.  A  unit  square  is  the  square  having  a  unit  for  its 
side.  For  example,  if  the  unit  is  1  inch,  the  unit  square  is 
the  square  each  of  whose  sides  measures  1  inch  in  length, 
and  the  area  of  a  surface  would  be  expressed  by  the  number 
of  square  inches  it  w^ould  contain.  If  the  unit  were  1  foot, 
the  unit  square  would  measure  1  foot  on  each  side,  and  the 
area  of  the  given  surface  would  be  the  number  of  square 
feet  it  would  contain,  etc. 

The  square  that  measures  1  incji  on  a  side  is  called  a 
square  liieh,  and  the  one  that  measures  1  foot  on  a  side 
is  called  a  squai-e  foot.  Square  inch  and  square  foot  are 
abbreviated  to  sq.  in.  and  sq.  ft. 

47.  To  find  the  area  of  any  parallelogram : 

Rule  1. — Multiply  the  base  by  the  altitude. 

Note. — Before  multiplying,  the  base  and  altitude  must  be  reduced 
to  the  same  kind  of  units ;  that  is,  if  the  base  should  be  given  in  feet 
and  the  altitude  in  inches,  they  could  not  be  multiplied  together  until 
either  the  altitude  had  been  reduced  to  feet  or  the  base  to  inches. 
This  principle  holds  throughout  the  subject  of  mensuration. 

Example  1. — The  sides  of  a  square  piece  of  sheet  iron  are  each 
10^^  inches  long.     How  many  square  inches  docs  it  contain  ? 

Solution. —  10^^  inches  =  10.2.>  inches  when  reduced  to  a  decimal. 
The  base  and  altitude  are  each  10.25  inches.  Multiplying  them 
together,  10.25  x  10.25  =  105.06 -f  sq.  in.     Ans. 

Example  2. — What  is  the  area  in  square  rods  of  a  piece  of  land  in  the 
shape  of  a  rhomboid,  one  side  of  which  is  8  rods  long  and  whose 
length,  measured  on  a  line  perpendicular  to  this  side,  is  200  feet? 

SoLUTiox. — The  base  is  8  rods  and  the  altitude  200  feet.  As  the 
answer  is  to  be  in   rods,    the  200  feet  should  be  reduced  to  rods. 

Reducing  200  -i-  16^  =  200  -^  ^'-  =  12.12  rods.     Hence,  area  =  8  X  12.12 
=i:  96.90  sq.  rd.     Ans. 

48.  To  find  the  area  of  a  trapezoid: 

lUile  Si. — Multiply  one-half  the  sum  of  the  parallel  sides 

by  the  altitude. 

E.K AMPLE. — .\  board  14  feet  long  is  20  inches  wide  at  one  end  and 
10  inches  wide  at  the  other.  If  the  ends  are  parallel,  how  many  square 
feet  does  the  board  contain  ? 
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20  4-  Ifi 
Solution. — One-half    the    sum    of    the    parallel    sides  =  -     .-  - 

=  18  inches  =  11  feet.     The  length  of  the  board  corresponds  to  the 
altitude  of  a  trapezoid.     Hence.  14  X  H  =  21  sq.  ft.     Ans. 

49.  Having  given  the  area  of  a  parallelogram  and  one 
dimension,  to  find  the  other  dimension: 

Rule  3. — Divide  the  area  by  the  given  dimensiou. 

Example. — What  is  the  width  of  a  parallelogram  whose  area  is 
212  square  feet  and  whose  length  is  26 J  feet  ? 

Solution.—    212  -i-  26^  =  212  -^  ~  =  8  ft.     Ans. 

The  following  examples  illustrate  a  few  special  oases : 

Example  1. — An  engine  room  is  22  feet  by  32  feet.     The  engine  bed 
occupies  a  space  of  3  feet  by  12  feet;  the  flywheel  pit.  a  space  of  2  feet 
by  6  feet,  and  the  outer  bearing  a  space  of  2  feet  by  4  feet.     How  many 
scjuare  feet  of  fliK>ring  will  be  required  for  the  room  ? 
Solution. — Area  of  engine  bed        =  3  x  13  =  3fJ  sq.  ft. 
Area  of  flywheel  pit      =2x6  =  1-  sq.  ft. 
Area  of  outer  bearing  =  2  X    4  i^    H  s(j.  ft. 

Total.     5fi  s(i.  ft. 
Area  of  engine  room  =  22  X  32  =  704  sq.  ft. 
704  —  56  =  648  sq.  ft.  of  flooring  required.     Ans. 

ExA-MPLE  2. — How  many  square  yards  of  plaster  will  it  taki-  to  cover 
the  sides  and  ceiling  of  a  room  16  x  20  feet  and  11  feet  hi^li.  havinj^ 
four  windows,  each  7x4  feet,  and  three  doors,  each  D  x  4  feet  over  all. 
the  baseboard  coming  6  inches  above  the  n(>or  ? 

Solution. — 

Area  of  ceiling       =     16  x  20   -  320  sq.  ft. 

Area  of  end  walls  =  2(16  x  1 1 )  —  3.V2  scj.  ft. 

Area  of  side  walls  =  2<20  X  H)  —  440  scj.  ft. 

Total  area  —  1.112  sq.  ft. 
From  the  above  must  be  deducted : 

Windows  =  4(7  x  4)    -  112  sq.  ft. 
Doors        =  3(9  x  4)  --.  lOS  scj.  ft. 

Baseboard  less  the  width  of  three  doors    r  (72    -  12)  v     ^    -  :j()  st}.  ft. 

Total  number  of  feet  to  be  deducted  —  112  -^   ins  i  :]i)  . ,  250  scj.  ft. 
Hence,    number    of    square     feet     to    be    ])lastere(l  —  1,112  —  250 
=  8<52  sq.  ft.,  or  95 J  sq.  yd.     Ans. 

Example  3. — How  qiany  acres  are  contained  in  a  rectangular  tract  f 
land  800  rods  long  and  520  rods  wide  ? 

Solution. —  800  X  520  =  416.00;)  sq.  rd.  Since  there  are  160  sc^uare 
rods  in  1  acre,  the  number  of  acres  =  416,000  -{- 160  =  2,600  acres.    Ans. 
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EXAMPLES  FOR  PRACTICE. 

1.  What  is  the  area  in  square  feet  of  a  rhombus  whose  base  is 
84  inches  and  whose  altitude  is  3  feet  ?  Ans.  21  sq.  ft. 

2.  A  flat  roof.  46  feet  by  80  feet  in  size,  is  covered  by  tin  roofing 
weighing  one-half  pound  per  square  foot;  what  is  the  total  weight  of 
the  roofing?  Ans.  1,84<)  lb. 

3.  One  side  of  a  room  measures  16  feet.  If  the  floor  contains 
240  square  feet,  what  is  the  length  of  the  other  side  ?  Ans.  15  ft. 

4.  How  many  square  feet  in  a  board  12  feet  long,  18  inches  wide 
at  one  end,  and  12  inches  wide  at  the  other  end  ?  Ans.  15  sq.  ft. 

5.  How  much  would  it  cost  to  lay  a  sidewalk  a  mile  long  and  8  feet 
6  inches  wide,  at  the  rate  of  20  cents  per  square  foot  ?  How  much  at 
the  rate  of  $1.80  per  square  yard  ?  Ans.  $8,976  in  each  case. 

6.  How  many  square  yards  of  plastering  will  be  required  for  the 
ceiling  and  walls  of  a  room  10  ft.  X  15  ft.  and  9  feet  high ;  the  room  con- 
tains one  door  3^  ft.  X  7  ft.,  three  windows  3i  ft.  X  6  ft.,  and  a  baseboard 
8  inches  high  ?  Ans.  53.5  sq.  yd. 

THE    TRIANGL.E. 
60«     A  triangrle  is  a  plane  figure  having  three  sides. 

61  •  An  isosceles  triangle  is 
one  having  two  of  its  sides  equal ; 
see  Fig.  21. 

52.     An  equilateral  triangle 
(Fig.  22)  is  one  having  all  of  its 
Fig.  21.        sides  of  the  same  length.  fig.  22. 

53.     A  scalene  triangle  (Fig.  23)  is  one 

having  no  two  of  its  sides  equal. 
Fk;.  23. 

54.     A  rlght-ang:le<l  triangle  (Fig.  24) 

is   any  triangle    having  one    right    angle. 

The  side  opposite  the  right  angle  is  called 

the  hypotenuse.     A  right-angled  triangle 

is  now  usually  called  a  rlfi^ht  triangle. 

In  any  triangle  the  sum  of  the  three  angles  equals 

two  right  angles,  or  180°.  Thus,  in 
Fig.  25,  the  sum  of  the  angles  A,  B^ 
and  (Tcquals  two  right  angles,or  180°. 
Hence,  if  any  two  angles  of  a  tri- 
angle are  given  and  it  is  required  to 
find  the  third  angle: 


FlO.  24. 


Fig.  25. 
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Rule  4. — Add  the  two  given  angles  and  subtraet  their 
sum  from  180°;  the  remainder  will  be  the  third  angle. 

Example. — If  two  angles  of  a  triangle  are  46"  16'  and  AV  50',  what 
does  the  third  angle  equal  ? 

Solution. — First  reduce  48'  16'  and  47"  50'  to  minutes,  for  conve- 
nience in  adding  and  subtracting  the  angles.  48  =  48  X  60  =  2,880  ; 
2,880  -h  16'  =  2,896';  hence,  48'  16'  =  2.896  .  In  like  manner.  47^  50 
=  47  X  60*  +  50'  =  2,820'+  50*  =  2.870'.  Adding  the  two  angles  and  sub- 
tracting the  sum  from  180*  reduced  to  minutes.  2,896'  +  2.870'  -  5,76(>  ; 
ISO^  =  180  X  60'=  10,800' ;  10.800  -  5.766  =  5.0:i4'.     Reducing   this  last 

5,o:u 


number  to  degrees  and   minutes. 


60 


=  83|J"  =  8:r  54'.    Hence,  the 


third  angle  in  the  triangle  =  83"  54'.     Ans. 

56.  In  any  right  triangle  there  can  be  but  one  right 
angle,  and  since  the  sum  of  all  the 
angles  is  two  right  angles,  it  is  evident 
that  the  sum  of  the  two  acute  angles 
must  equal  one  right  angle,  or  90'^. 
Therefore,  if  in  any  right  triangle  one 
acute  angle  is  known,  to  find  the  other  ^' 
acute  angle :  ^'lo  '^^■ 

Rule  5. — Subtraet  the  kn(ra^n  acute  afiglc  from  tur ;   the 
result  anil  be  the  other  acute  angle. 

Example. — If  one  acute  angle,  as  A,  of  the  ri^lit  irianj:,de  ./  />' t', 
Fig.  26,  equals  30^,  what  does  the  angle  H  cijual  ? 

Solution.—    90^  -  30'  =  60'.     Ans. 

57.  If  a  straight  lint.'  be  drawn 
through  two  sidt-s  nf  a  triani^lc,  parallel 
to  the  third  side,  a  seeond  triaiii^lc  will 
be  formed  whose  sides  will  be  propor- 
tional to  the  corresponding  sides  of  the 
first  triangle.  Thus,  in  the  triangle 
A  B  C\  Fig.  ;>T,  if  the  line  /^  /:'  be  drawn 
parallel  to  the  side//  L\  the  triangle 
Fig.  27.  -^  Z? /:  will  be  formed  and  we  shall  have 

(1)  Side  A  D  :  side  7)  I:  =  side  .  /  /;  :  side  B  C  ;  and, 

(2)  Side  A  E  :  side  D  R  —  side  A  C  :  side  />  C  \  also, 

(3)  Side  A  D  :  side  A  E  —  side  A  B  :  side  A  C. 
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Example  —In  Fig.  27,  ii  A  B  =  2i,  B  C=  18,  and  Z"  £  =  8.  what 
does  A  D  equal  ? 

Solution. — Writing  these  values  for  the  sides  in  (1), 


^  /) :  8  =  24  :  18;  whence,  A  D  =  - 


- 10}.     Ans. 


Fid.  »). 

the  right  angle  in  a  right 


58.  In  any  right  triangle, 
the  square  described  on  the 
hypotenuse  is  equal  to  the  sum 
of  the  squares  described  upon 
the  other  two  sides.  If  A  B  C, 
Fig.  28,  is  a  right  triangle 
right-angled  at  B,  then  the 
square  described  upon  the 
hypotenuse  A  C  is  equal  to 
the  sum  of  the  squares  de- 
scribed upon  the  sides  /[  B 
and  B  C.  Hence,  having 
given  the  two  sides  forming 
triangle,  to  find  the  hypotenuse: 


Rule  0. — Square  each  of  the  sides  forming  the  right  angle ; 
add  the  squares  together  and  take  the  square  root  of  the  sum. 


Example.— If  ^)  ^  =  3  inches  a 
of  the  hypotenuse  A  CI 

Solution. — Squad ng  each  of 
Taking  the  square  r<H>t  of  the 
=  \'i'+  1«  =  v'SS  =  5  in.     Ans. 


id  ff  r  =  4  inches,  what  is  the  length 


given  sides.  3'  =  9  and  4'  = 
I    uf   «   and    16,  the  hypoter 


59.  If  the  hypotenuse  and  one  side  are  given,  the  other 
side  can  be  found  as  follows: 

Eiilo  7. — Subtract  the  square  of  the gi%>en  side  from  the 
square  of  the  hypotenuse,  and  extract  the  square  root  of  the 
remainder. 

E.x AMPLE  1. — The  side  given  is  3  inches,  the  hypotenuse  is  5  inches; 
wliat  is  the  length  of  the  other  side  ? 

Solution.—    3'  =  B;5'  =  2B.     25  -  B  =  10.  and   i^  =  4in.     Ana. 
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150 


Example  2. — If  from  a  church  steeple  which  is  150  feet  high  a  rope 
is  to  be  attached  to  the  top  and  to  a  stake  in  the  ground,  which  is 
83  feet  from  the  center  of  the  base  (the  ground  being 
supposed  to  be  level),  what  must  be  the  length  of 
the  rope  ? 

Solution.— In  Fig.  29,  A  7?  represents  the  stee- 
ple. 150  feet  high;  C  a  stake  85  feet  from  the  f<K)t 
of  the  steeple,  and  A  C  the  rope.  Here  wc  have 
a  right  triangle  right-angled  at  7?,  and  A  C  is  the 
hypotenuse.  The  square  o(  A  B  =  150-  =  22.500; 
of  C  /?.  85*  =  7.225.  22,500  +  7,225  =  29,725 ;  i/JU^T^ri 
=  172.4  ft.,  nearly.     Ans. 

60.      The    altitude 

of  any  triangle  is  a  line, 
as  B  D^  drawn  from  the 
vertex  //  of  the  angle 
opposite  the  base  A  C^ 
perpendicular  to  the 
base,  as  in  Fij^.  30,  or 
to  the  base  extended,  as  in  Fig.  31. 

61.     If  in  any    parallelogram  a  straight  line,  <  alh^l  the 

diagonal,  be  drawn,    coniu'ctini^;    two 

opposite    corners,    it    will    divitU*    tlic 

parallelogram  into  two  ccjiial  triatii^h"^, 

as  A  D  n  and   /;  B  Cm  Jm-.  \Vl.     'Xhc 

Fig.  88.  area  of  each  triano^lc.  will  iMjual  <>nc-half 

the  area  of  the  parallelogram,  i.  e.,  one-lialf  the  prodiu  t  «>f  the 

base  and  the  altitude.     Hence,  to  find  the  arra  nf  any  triaiv^lc: 

lliile  8. — Multiply  the  base  by  the  altitude  aiul  ilivide  the 

prodiiet  by  2. 

Example. — What  is  the  area  in  square  feet  of  a  iri.mjrh.  \v1i«.m-  l)ase 
is  18  feet  and  whose  altitude  is  7  feet  9  inches  ? 


:]1 


7  ft.  9  in.  =  7|  ft.  =  ^    ft 


:u 


IS  X  -  -  =r  i:J9.J,  and  one 
4 


SOLL'TION.— 

half  of  139^  =  69t  sq.  ft.     Ans. 

To  find  the  altitude  or  base  of  a  triant^lc,  liavinj;::  j^ivcn 
the  area  and  the  base  or  altitude: 

Iliilo  9. — Multiply  the  area  by  2  atui  divide  by  the  given 
dimcnsioB' 
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Example. — What  must  be  the  height  of  a  triangular  piece  of  sheet 
metal  to  contain  100  square  inches,  if  the  base  is  10  inches  long  ? 

Solution.—    100  x  2  =  200;  200  +  10  =  20  in.    Ans. 


EXAMPLES  FOR  PRACTICE. 

1.  What  is  the  area  of  a  triangle  whose  base  is  18  feet  long  and 
whose  altitude  is  10  feet  6  inches  ?  Ans.  94.5  sq.  ft. 

2.  Two  angles  of  a  scalene  triangle  together  equal  100'  4'.  What  is 
the  size  of  the  third  angle  ?  Ans.  79   56'. 

8.  One  angle  of  a  right  triangle  equals  20°  10'  5'.  What  is  the  size 
of  the  other  acute  angle  ?  Ans.  69 '  49'  55'. 

4.  A  ladder  65  feet  long  reaches  to  the  top  of  a  wall  when  its  foot 
is  25  feet  from  the  wall.     How  high  is  the  wall  ?  Ans.  60  ft. 

5.  Draw  a  triangle,  and  through  two  of  its  sides  draw  a  line  parallel 
to  the  base.  Letter  the  different  lines,  and  then,  without  referring  to 
the  text,  write  out  the  proportions  existing  between  the  sides  of  the 
two  triangles. 

6.  A  triangular  piece  of  sheet  metal  weighs  24  pounds.  If  the  base 
of  the  triangle  is  4  feet  and  its  height  6  feet,  how  much  does  the  metal 
weigh  per  square  foot  ?  Ans.  2  lb. 

7.  The  area  of  a  triangle  is  16  square  inches.  If  the  altitude  is 
4  inches,  what  does  the  base  measure  ?  Ans.  8  in. 

8.  Two  sides  of  a  right  triangle  are  92  feet  and  69  feet  long.  How 
long  is  the  hypotenuse  ?  Ans.  115  ft. 

POIiYGONS. 

68.  A  polygron  is  a  plane  figure  bounded  by  straight 
lines.  The  term  is  usually  applied  to  a  figure  having  more 
than  four  sides.  The  bounding  lines  are  called  the  sides, 
and  the  sum  of  the  lengths  of  all  the  sides  is  called  the 
perimeter  of  the  polygon. 

63.  A  regular  polygron  is  one  in  which  all  the  sides 
and  all  the  angles  are  equal. 

04.  A  polygon  of  five  sides  is  called  a  pentagrou  ;  one 
of  six  sides,  a  hexagfon;  one  of  seven  sides,  a  heptagron. 


Pentagon.       Hexagon.       Heptagon.       Octagon.  Decagon.        Dodecagon. 

Fig.  as. 

etc.     Regular  polygons  having  from  five  tQ  twelve  sides  are 
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FIO.  84. 


shown  in  Fig.  33.  In  any  polygon,  the  sum  of  all  the 
interior  angles,  as  A+B-^C+D+E,  Fig.  34,  equals 
1S0°  multiplied  by  a  number  which  is  two 
less  than  the  number  of  sides  in  the  poly- 
gon. Hence,  to  find  the  size  of  any  one  of 
the  interior  angles  of  a  regular  polygon : 

Rule  lO.— Multiply  180''  by  the  num- 
bcr  of  sides  less  two  and  divide  the  result 
by  the  number  of  sides;  the  quotient 
will  be  the  number  of  degrees  in  eaeh  interior  angle. 

Example  1. — If  Fig.  84  is  a  regular  pentagon,  how  many  degrees  are 
there  in  each  interior  angle  ? 

Solution. — In  a  pentagon  there  are  five  sides;  hence,  5  —  2  =  8  and 
180x3  =  540;  540-t-5=  108*  in  each  angle.     Ans. 

Example  2. — It  is  desired  to  make  a  miter-box 
in  which  to  cut  a  strip  of  molding  to  fit  around 
a  column  having  the  shajxi  of  a  regular  hexa- 
gon. At  what  angle  should  the  saw  run  across 
the  miter-box  ? 

Solution.— In  Fig.  35,  let  ./  B,  H  C,  C  I\ 
etc.  represent  the  pieces  of   molding  as   they 
will  fit  around  the  column.      First  find  the  size 
of  one  of  the  equal  angles  of  the  polygon  by 
Fig.  85.  ^he  above   rule.      Number  of  sides    -0;    11  —  2 

=  4;  hence,  180  X  4=  720,  and  720  -{-  6  -  120'  in  each  angle.  Now, 
let  M N  represent  the  miter-box  and  O  S  the  direction  in  whii  h  the 
saw  should  run;  then,  ABO  is  the  angle  made  by  the  saw  with  the 
side  of  the  miter-box;  but  as  the  polygon  is  a  regular  one.  this  angle 
is  one-half  the  interior  angle  A  li  C,  which  we  have  found  to  be  120  . 

120 
Hence,  the  saw  should  run  at  an  angle  of    "  -  —  (30    with  the  side  of  the 

miter-box.     Ans. 

65.  The  area  of  any  regular  polygon 
may  be  found  by  drawing  lines  from  the 
center  to  each  angle  and  computing  the 
area  of  each  triangle  thus  formed.  Hence, 
to  find  the  area  of  any  regular  polyj^on: 

Rule  11. — Multiply  the  length  of  a  s/dr 
by  half  the  distance  from  the  side  to  tJic 
center^  and  t/iat  product  by  the  uuuibcr  of  sides.      The  last 
product  will  be  the  area  of  the  figure. 
J,    I.'-IO 
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Example. — In  Fig.  36  the  side  B  C  of  the  regular  hexagon  is 
12  inches  and  the  distance  A  O  is  10.4  inches;  required  the  area  of  the 
polygon. 

Solution.—    10.4  ^  2  =  5.2;  12  x  5.2  x  6  =  374.4  sq.  in.     Ams. 


66.  To  obtain  the  area  of 
any  irregular  polygon,  draw  diag- 
onals dividing  the  polygon  into 
triangles  and  quadrilaterals,  and 
compute  the  areas  of  these  sepa- 
rately; their  sum  will  be  the 
iJf  area  of  the  figure. 


9 

Fig.  87. 


Example. — It  is  required  to  find  the  area  of  the  polygon  A  B  C D  EF^ 
Fig.  37. 

Solution. — Draw  the  diagonals  ^/^and  C-F  and  the  line  FG 
perpendicular  to  D  E,  dividing  the  figure  into  the  triangles  A  B  F, 
B  C  F,  and  FG  E  and  the  rectangle  FC  D  G.  Let  it  be  supposed  that 
the  altitudes  of  the  figures  and  the  lengths  of  the  sides  A  B,  D  G,  and 
G  E  are  as  indicated  in  the  polygon  above.     Then, 

Area  A  B  F     = ^ =   ^^  sq.  in. 

AvQdi  B  C  F     = jr— ^  =    35sq.  in. 

Area  FCD  6^  =  14  X  10  =  140  sq.  in. 

Area  FG  E     = ^ =   ^^  sq.  in. 

Total  area  =  56  +  35  -f-  140  -+-  45  =  276  sq.  in.     Ans. 


EXAMPI^ES  FOR  PRACTICE. 

1.  How  many  degrees  are  there  in  one  of  the  angles  of  a  regular 
octagon  ?  Ans.   135°. 

2.  Find  the  area  of  the  polygon  A  B  C  D  E  F  (see  Fig.  37),  suppo- 
sing each  of  the  given  dimensions  to  be  increased  to  \\  times  the  length 
given  in  the  figure.  Ans.  621  sq.  in. 

3.  What  is  the  area  of  a  regular  heptagon  whose  sides  are  4  inches 
long,  the  distance  from  one  side  to  the  center  being  4.15  inches? 

Ans.  58.1  sq.  in. 

4.  At  what  angle  should  the  saw  run  in  a  miter-box  to  cut  strips 
to  fit  around  the  edge  of  a  table  top  made  in  the  shape  of  a  regular 
pentagon  ?  Ans.  54''. 
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THE   CIRCLE. 

67.  A  circle  (Fig.  38)  is  a  figure  bounded 
by  a  curved  line,  called  the  circumference, 
every  point  of  which  is  equally  distant  from 
a  point  within,  called  the  center. 

^^ Fig.  38. 

68,     The    diameter    of    a   circle    is   a 

]      straight  line  passing  through  the  center 

/      and  terminated  at  both  ends  by  the  cir- 
cumference; thus,  A  B  (Fig.  \y^)  is  a  diam- 

^~ ''  eter  of  the  circle. 

Pig.  39. 


/ 


69.  The  radius  of  a  circle,  A  O  (Fig.  40), 
is  a  straight  line  drawn  from  the  center  O 
to  the  circumference.     It  is  equal  in  length 

to    one-half     the    diameter. 

The  plural  of  radius  is  radii, 

and  all  radii  of  a  circle  are 

equal. 


r 


y 


^^. 


.^' 


Fl(..  40. 


Fic..  41. 


70«     An  arc  of  a  circle  (see  a  c  b,  Fi^.  41) 
is  any  part  of  its  circumfereme. 


'^ 


71.     A  chord  is  a  straight  line   join  in 
any  two  points  in  a  circumference;  or  it  is  a  j 
straight  line  joining   the  extremities  of  an 
arc;  thus,  the  straight  \\n^AB,   Fig.  4*2,  is 
a  chord  of  the  circle  whose  corresponding 
arc  is  A  E  B. 


Vu..   l.J. 


72.  An  iuscrlbod  an^h'  is  one  whose 
vertex  lies  on  the  circunifcrcnrc  of  a 
circle  and  whose  sides  arc  chords.  It 
is  measured  by  one-half  the  intercepted 
arc.  Thus,  in  Fig.  43,  A  /y  C  is  an  in- 
scribed angle,  and  it  is  measured  by  one- 
half  the  arc  A  D  C. 
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Example. — If  in  Fig.  43,  the  arc  A  D  C=  I  oi  the  circumference, 
what  is  the  measurement  of  the  inscribed  angle  A  B  C7 

Solution. — Since  the  angle  is  an  inscribed  angle,  it  is  measured  by 
one-half  the  intercepted  arc,  or  |  x  i  =  1  of  the  circumference.  The 
whole  circumference  =  360" ;  hence,  360''  x  i  =  '«^2' ;  therefore,  angle 
A  BCis^n  angle  of  12\ 

73.  If  a  circle  is  divided  into  halves,  each  half  is  called 
a   semicli-cle,   and    each    half    circumference    is    called   a 

seml-elrcmnference. 

Any  angle  inscribed  in  a  semicircle  is 

a  right  angle,  since  it  is  measured  by 

1^  one-half  a  semi-circumference,  or  180° 

-r-  2  =  90°.     Thus,  the   angles  ADC 

and  A  B  C,  Fig.  44,  are  right  angles, 

^^STXl  since  they  are  inscribed  in  a  semicircle. 

74.  An  Inscribed  polygon  is  one  whose  vertexes  lie  on 
the  circumference  of  a  circle  and  whose 
sides  are  chords,  as  -^  B  C  D  E^  Fig.  45. 

The  sides  of  an  inscribed  regular  hex- 
agon have  the  same  length  as  the  radius 
of  the  circle. 

If,  in  any  circle,  a  radius  be  drawn 
perpendicular  to  any  chord,  it  bisects 
(cuts  in  halves)  the  chord.     Thus,  if  the  fig.  45. 

radius   O  C,   Fig.  46,  is  perpendicular  to   the   chord  A  B, 
AD  =  DB. 

Example. — If  a  regular  pentagon  is  inscribed 
in  a  circle  and  a  radius  is  drawn  perpendicular 
to  one  of  the  sides,  what  are  the  lengths  of  the 
two  parts  of  the  side,  the  perimeter  of  the  pen- 
tagon being  27  inches  ? 

Solution. — A  pentagon  has  five  sides,  and 
since  it  is  a  regular  pentagon,  all  the  sides  are 
of  equal  lengths;  the  perimeter  of  the  pentagon, 
which  equals  the  distance  around  it,  or  equals 

Pip    A(\ 

the  sum  of  all  the  sides,  is  27  inches.  There- 
fore, the  length  of  one  side  —  27  -^  5  =  Hf  inches.  Since  the  penta- 
gon is  an  inscribed  pentagon,  its  sides  are  chords,  and  as  a  radius 
jxirpendicular  to  a  chord  bisects  it,  we  have  5J  -*-  2  =  2^^  inches,  which 
cciuals  the  length  of  each  of  the  parts  of  the  side  cut  by  a  radius  per- 
pendicular to  it.     Ans. 
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75.  If,  from  any  point  on  the  circumference  of  a  circle, 
a  j>erpendicular  is  let  fall  upon  a  diameter,  it  will  divide 
the  diameter  into  two  parts,  one  of 
which  will  be  in  the  same  ratio  to  the 
perpendicular  as  the  perpendicular  is  to 
the  other  part.  That  is,  the  perpendic- 
ular will  be  a  mcaii  proportional  between 
the  two  parts  of  the  diameter. 

If  A  B,  Fig.  47,  is  the  given  diameter 

and  C  any  point  on  the  circumference,  ^'^^  ^•'• 

then  A  D  :  CD  =  CD  :  D B^  C/?  being  a  mean  proportional 

between  A  D  and  D  B. 

Example. — If  H  K  =^  feet  and  I B  z=H  feet,  what  is  the  diameter 
of  the  circle,  //A' being  perpendicular  to  A  />'  ? 

Solution.—    30  feet  -^  2  feet  =  15  feet  =  ///.     And   />'  /  :  /  // 
=  ///  :  I  A,  or  8  :  15  =  15  :  /.'/. 

Therefore,   IA=  -!:-  =  "^  =  28i  feet  and  /  A  +  /  B  :-.  2Hlr  -+-  S 

=  36^  feet  =:  A  B,  the  diameter  of  the  circle.     Ans. 

76.  When  the  diameter  of  a  circle  and  the  lcnj:;ths  of 

the  two  parts  into  which  it  is  divided  are  given,  tlic  Icn^tli 

of  the  perpendicular  may  be  found  by  multiplying  the  lengths 

of  the  two  parts  together  and  extracting  the  square  root  of 

the  product. 

Example. — In  Fig.  47,  the  diameter  of  the  circle  .  /  />*  is  'M\}^  feet 
and  the  distance  B  lis  8  feet;  what  is  the  length  of  the  line  //A'  ? 

Solution. — As  the  diameter  of  the  circle  is  'M)i  feet  and  as  J!  I  is 
8  feet,  I A  is  equal  to  36^  —  8  =  28|  feet.    The  two  j)arts,  therefore,  are 

8  and  28|  feet,  and  their  product  =  8  x  2si  —  H  x  ""  -  -  *--•") ;  tlie  S(juarti 

root  of  their  product  =  4/225  =  15  feet,  and  as  H K  —  III  :    /A',  or 
2  ///,  //A'=  15  X  2  -  30  ft.     Ans. 

77.  To  find  the  circumference  of  a  circle,  the  dianu-tcr 
being  given: 

Rule  1«. — Multiply  the  diameter  by  o.Hin. 

Example. — What  is  the  circumference  of  a  circle  whose  diameter  is 
15  inches? 

Solution.—    15  X  8. 1416  =  47. 124  in.     Ans. 

78.  To  find  the  diameter  of  a  circle,  the  circumference 
being  given: 
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Rule  13. — Divide  the  circumference  by  S.lJflG. 

Example. — What  is  the  diameter  of  a  circle  whose  circumference  is 
65.973  inches  ? 

Solution.—    65.973  -v-  3.1416  =  21  in.    Ans. 

79.  To  find  the  length  of  an  arc  of  a  circle: 

Rule  14. — Multiply  the  length  of  the  circuinference  of  the 
circle  of  which  the  arc  is  a  part  by  the  number  of  degrees  in 
the  arc  and  divide  by  360. 

Example. — What  is  the  length  of  an  arc  of  24°,  the  radius  of  the  arc 
being  18  inches  ? 

Solution.  —    18  X  2  =  36  in.  =  the   diameter   of    the    circle.      36 

X  8.1416  =  113.1  in.,  the  circumference  of  the  circle  of  which  the  arc  is 

a  part. 

24 
118.1  X  oSTv  =  7.54  in.,  or  the  length  of  the  arc.     Ans. 

80.  To  find  the  area  of  a  circle: 

Rule  16. — Square  the  diameter  and  multiply  by  .  785 J^, 
Example. — What  is  the  area  of  a  circle  whose  diameter  is  15  inches  ? 
Solution.—    15*  =  225 ;  and  225  x  .7854  =  176.72  sq.  in.     Ans. 

81.  Given  the  area  of  a  circle,  to  find  its  diameter: 

Rule  16. — Divide  the  area  by  .  185Jf,  and  extract  the  square 

root  of  the  quotient. 

Example  1. — The  area  of  a  circle  =  17,671.5  square  inches.  What  is 
its  diameter  in  feet  ? 


Solution.—    i/lM^  =  150  inches. 

y     .7854 


150 

-^  =  12^  feet,  or  the  diameter.     Ans. 

Example  2. — What  is  the  area  of  a  flat  circular 
ring,  Fig.  48,  whose  outside  diameter  is  10  inches 
and  inside  diameter  is  4  inches  ? 

Solution. — The  area  of  the  large  circle  =  10* 

X  .7854  =  78.54  sq.    in.;   the   area  of   the  small 

circle  =  4*  X  .7854  =  12.57  sq.  in.     The  area   of 

the  ring  is  the  difference  between  these  areas,  or 

Fig748.  78.54  -  12.57  =  65.97  sq.  in.     Ans. 

82«  To  find  the  area  of  a  sector  (a  sector  of  a  circle  is 
the  area  included  between  two  radii  and  the  circumference, 
as,  for  example,  the  area  B  AC  O^  Fig.  36): 
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Kule  17. — Divide  the  number  of  degrees  in  the  arc  of  the 
sector  by  SOO.  Multiply  the  result  by  the  area  of  the  circle  of 
iK'hich  the  sector  is  a  part. 

Example. — The  number  of  degrees  in  the  angle  formed  by  drawing 
radii  from  the  center  of  a  circle  to  the  extremities  of  the  arc  of  the 
circle  is  75 \  The  diameter  of  the  circle  is  13  inches;  what  is  the  area 
uf  the  sector  ? 

Solution.—    ~-  =  ^J^;  and  12«  X  .7854  =  113.1  sq.  in. 

113.1  X  ;ji  =  23.56  sq.  in.,  the  area.     Ans. 

83.  To  find  the  area  of  a  segment  of  a  circle  (a  sejr- 
meiit  of  a  circle  is  the  area  included  between  a  chord  and 
its  arc;  for  example,  the  area  A  B  C\  Fig.  49)  when  its 
chord  and  height  are  given.  There  is  no  exact  metliod, 
except  by  applying  principles  of  trigonometry.  The  follou- 
ing  rule  gives  results  that  are  exact  enough  for  practical 
purposes. 

Kule  18. — Divide  the  diameter  by  the  height  of  tJic  seg- 
ment ;  subtract  JjOS  from  the  quotient  and  extract  the  st/nare 
root  of  the  remainder.  This  result  multiplied  by  J  times  the 
square  of  the  height  of  the  segment  and  then  divided  by  ^l 
li'ill  give  the  area,  very  nearly. 

The  rule,  expressed  as  a  formula,  is  as  follows,  where 
/>  =  the  diameter  of  the  circle  and  // =  the  heij^ht  of  tlie 
segment  (see  Fig.  49): 


Area  of  A  B  CA  =  ~~  y^-  -  .r>()S. 

3  // 

Example. — What  is  the  area  of  the  sej^mtMit 
of  a  circle  whose  diameter  is  54  inches,  i he- 
height  of  the  segment  being  20  inches  ? 

Solution. — Substituting  in  the  formula, 


Area-*^-><-^4/^^- 


4  y  .)().•      4x400 


^  h^;  a/^  -  .608  =   i^-i.im  =  I.44T;   '-!"*-  X  1.447  =  771.7  sq.  in. 

Ans. 

Note. — Had  the  chord  ./  C\  Fig.   49,   been   given  instead  of   the 
diameter,  the  diameter  would  have  been  found  as  explained  in  Art.  75. 
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KXAMPLES  FOR  PRACTICK- 

1.  An  angle  inscribed  in  a  circle  intercepts  one-third  of  the  circum- 
ference.    How  many  degrees  are  there  in  the  angle  ?  Ans.  60 \ 

2.  Suppose  that  in   Fig.  47.  the  diameter  A  B  =  Itj  feet  and  the 
distance  ^/=  3  feet    What  is  the  length  of  the  line  /^  A^?      Ans.  12  ft. 

3.  The  diameter  of  a  flywheel  is  18  feet.     What  is  the  distance 
around  it  to  the  nearest  16th  of  an  inch  ?  Ans.  56  ft.  6y*j  in. 

4.  A  carriage  wheel  was  observed  to  make  71f  turns  while  going 
300  yards.     What  was  its  diameter  ?  Ans.  4  ft.,  nearly. 

5.  What  is  the  lengfth  of  an  arc  of  W%  the  radius  of  the  arc  being 
80  inches?  Ans.  33.51  in. 

6.  Find  the  area  of  a  circle  2  feet  3  inches  in  diameter. 

Ans.  3.976  sq.  ft. 

7.  What  must  be  the  diameter  of  a  circle  to  contain  100  square 
inches?  Ans.  11.28  in. 

8.  Compute  the  area  of  a  segment  whose  height  is  11  inches  and 
the  radius  of  whose  arc  is  21  inches.  Ans.  289.04  sq.  in. 

9.  Find  the  area  of  a  flat  circular  ring  whose  outside  diameter  is 
12  inches  and  whose  inside  diameter  is  6  inches.  Ans.  84.82  sq.  in. 


THE    PRISM   AND   dTLENDER. 

84.  A  solid,  or  body,  has  three  dimensions:  length, 
breadth,  and  thickness.  The  sides  which  enclose  it  are 
called  the  faces,  and  their  lines  of  intersection  are  called 
the  edges. 

85.  A  prism  is  a  solid  whose  ends  are  equal  and  par- 
allel polygons  and  whose  sides  are  parallelograms.  Prisms 
take  their  names  from  the  form  of  their  bases.  Thus,  a  tri- 
angular prism  is  one  having  a  triangle  for  its  base ;  a  hex- 
agonal prism  is  one  having  a  hexagon  for  its  base,  etc. 

86.  A  cylinder  is  a  body  of  uniform  diameter  whose 
ends  are  equal  parallel  circles. 

87.  A  pamllelopipedon  (Fig. 
50)  is  a  prism  whose  bases  (ends)  are 
parallelograms. 

88.  A  cube  (Fig.  51)  is  a  prism 
whose  faces  and  ends  are  squares. 
All  the  faces  of  a  cube  are  equal.  ^^-  ^^' 

In  the  case  of  plane  figures,  we  are  concerned 
with  perimeters  and  areas.     In  the  case. of  solids,  we  are 


Fig.  50. 
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concerned  with  the  areas  of  their  outside  surfaces  and  with 
their  contents  or  volumes. 

89.  The  entire  surfac^e  of  any  solid  is  the  area  of  the 
whole  outside  of  the  solid,  including  the  ends. 

The  convex  surface  of  a  solid  is  the  same  as  the  entire 
surface,  except  that  the  areas  of  the  ends  are  not  included. 

90,  A  unit  of  volume  is  a  cube  each  of  whose  edges  is 
equal  in  length  to  the  unit.  The  volume  is  expressed  by 
the  number  of  times  it  will  contain  a  //;///  of  volume. 

Thus,  if  the  unit  of  length  is  1  inch,  the  unit  of  volume 
will  be  the  cube  whose  edges  each  measure  1  inch,  this  cube 
being  1  cubic  inch;  and  the  number  of  cubic  inches  the  solid 
contains  will  be  its  volume.  If  the  imit  of  length  is  1  foot, 
the  unit  of  volume  will  be  1  cubic  foot,  etc.  Cubic  incli,  cubic 
foot,  and  cubic  yard  are  abbreviated  to  cu.  in.,  cu.  ft.,  and 
cu.  yd.,  respectively. 

Instead  of  the  word  volume,  the  expression  cubical  con- 
tents is  sometimes  used. 

91,  To  find  the  area  of  the  convex  surface  of  a  prism  or 
cylinder: 

Rule  19. — Multiply  the  perimeter  of  the  base  by  tJic  altitude. 

Example  1. — A  block  of  marble  is  24  inches  lonj;  and  its  ends  are 
9  inches  square.     What  is  the  area  of  its  convex  surface  ? 

Solution.  —  9  X  4  =  86  =  the  perimeter  of  the  base ;  \%  X  '2 1 
=  864  sq.  in.,  the  convex  area.     Ans. 

To  find  the  entire  area  of  the  outside  surface,  adci  the  areas  of  the 
two  ends  to  the  convex  area.  Thus,  the  area  of  the  two  ends 
=  9  X  9  X  2  =  162  sq.  in. ;  864  -f  162  =  l.()2«  sq.  in.     Ans. 

Example  2. — How  many  square  feet  of  sheet  iron  will  be  required 
for  a  pipe  \\  feet  in  diameter  and  10  feet  long,  nej^lecting  the  amount 
necessary  for  lapping  ? 

Solution. — The  problem  is  to  find  the  convex  surface  of  a  cylinder 
1^  feet  in  diameter  and  10  feet  long.  The  perimeter,  or  circumference, 
of  the  base  =  1^  X  8.1416  =  1.5  X  IJ.UIO  -^  4.712  ft.  The  conve.K  sur- 
face =  4.712  X  10  =  47.12  sq.  ft.  of  metal.     Ans. 

92.  To  find  the  volume  of  a  prism  or  a  cylinder: 
Riilo  20, — Multiply  the  area  of  the  base  by  the  altitude. 

Example  1. — What  is  the  weight  of  a  length  of  wrought-iron  shaft- 
ing 16  feet  long  and  2  inches  in  diameter  ?  Wrought  iron  w-eighs 
.28  pound  pier  cubic  inch. 
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Solution. — The  shaft  is  a  cylinder  IG  ft.  long.  The  area  of  one 
end,  or  the  base,  =  2^  x  .7854  =  3.1416  sq.  in.  Since  the  weight  of 
the  iron  is  given  per  cubic  inch,  the  contents  of  the  shaft  must  be 
found  in  cubic  inches.  The  length,  16  ft.,  reduced  to  inches  =  16  x  12 
=  192  in.;  3.1416x192  =  603.19  cu.  in.  =  the  volume.  The  weight 
=  603.19  X  .28  =  168.89  lb.     Ans. 

Example  2. — Find  the  cubical  contents  of  a  hexagonal  prism.  Fig.  52, 
12  inches  long,  each  edge  of  the  base  being  1  inch  long. 

Solution. — In  order  to  obtain  the  area  of  one 
end,  the  distance  CD  from  the  center  C  to  one  side 
must  be  found. 

In  the  right  triangle  C  D  A,  side  A  D  =  h  A  B, 
or  I  inch,  and  since  the  p>olygon  is  a  hexagon, 
side  C  A  =  distance  A  B,  or  1  inch  (Art.  74). 
Hence,  C  A  being  the  hypotenuse,  the  length 
of  side   C  D  =  ^V~^'W  =  4/1"  -  -S"  =  ^f^/TS,   or 


.860  inch.     Area  of  triangle  A  C  B  =z 


1  X  .866 
2 


=  .433  sq.  in. ;  area  of  the 


whole  polygon  =  .433  X  6  =  2.598  sq.  in.     Hence,  the  contents  of  the 
prism  =  2.598  X  12  =  81.176  cu.  in.     Ans. 

EXA.MPLE  3. — It  is  required  to  find  the  number  of  cubic  feet  of  steam 
space  in  the  boiler  shown  in  Fig.  53.    The  boiler  is  16  feet  long  between 


Fic.  53. 

heads,  54  inches  in  diameter,  and  the  mean  water-line  AfA^  is  at  a 
distance  of  16  inches  from  the  top  of  the  boiler.  The  volume  of  the 
steam  outlet  casting  may  be  neglected. 

Solution. — The  volume  of  the  steam  space,  which  is  that  space 
within  the  boiler  above  the  surface  A/  XO  P  of  the  water,  is  found  by 
the  rule  for  finding  the  volume  of  a  prism  or  cylinder,  the  area  M  N S 
being  the  base  and  the  length  NO  the  altitude.  First  obtain  the  area 
of  the  segment  M N S,  whose  height  //  is  16  inches,  in  square  feet;  then 
multiply  the  result  by  16,  the  length  of  the  boiler. 

By  the  formula  given  in  Art.  83,  the  area  of  the  segment  = 
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-^       =  341.33;  |/  J*  -  .608  =^  4/2. 767  r^  1.663. 

Hence,  the  area  =  341.33  X  1003  =  567.63  sq.  in.  This  reduced  lo 
sq.  ft.  =  567.63  -i-  144  =  3.»42  sq.  ft.,  and  the  volume  therefore  =  3.942 
X  16  =  63.07  cu.  ft.     Ans. 

In  the  above  solution,  the  space  occupied  by  the  stays  is 
not  considered,  for  sake  of  simplicity.  They  arc  not  shown 
in  the  figure. 

Example  4. — In  the  above  boiler  there  are  60  tubes,  3^  inches  outside 
diameter.  How  many  gallons  of  water  will  it  take  to  fill  the  boik-r  up 
to  the  mean  water  level,  there  being  231  cubic  inches  in  a  gallon  ? 

Solution. — Find  the  volume  in  cubic  inches  (;f  that  part  of  the 
boiler  below  the  surface  of  the  water  M NO  /-*,  since  the  contents  of  a 
gallon  is  given  in  cubic  inches,  and  from  it  subtract  the  volume  of  tlu; 
tubes  in  cubic  inches. 

This  may  be  done  by  first  finding  the  /<;/«/ area  of  one  end  of  the 
boiler  in  square  inches,  from  it  subtracting  the  area  of  the  seg- 
ment J/A'.S*,  and  the  areas  of  the  ends  of  the  tubes  in  square  iiuhes. 
and  then  by  multiplying  the  result  by  the  length  of  the  boiler  />/  inrhrs. 

Total  area  of  one  end  =  54*  X  .78o4  =  2,290.23  sq.  in. 

Area  of  segment  Af  JVS,  as  found  in  last  example,  --  ."iOT.fKi  s(i.  in. 

Area  of  the  end  of  one  tube  =  3.25*  x  .78:)4  =  S.2i)r>H  s([.  in. 

Area  of  the  ends  of  the  60  tubes  ™  S.2958  X  00  =  41)7.7r>  scj.  in. 

Hence,  the  area  to  be  subtracted  =  567.03  +  497.7.") :-  l.(Hir>.:is  s.|.  in. 
Subtracting.  2,290.23  -  1,065.38  =  1.224.85  sq.  in.  -  net  area. 

The  cubical  contents  =  1,224.85  X  1«  X  12  =  235.171.2  <  n.  in.  This 
divided  by  231  will  give  the  number  of  gallons;  wheiui-,  '-?o.").  171.'2 
-f-  231  =  1,018.06  gal.  of  water.     Ans. 


EXAMPJLES  FOR  I'RACTICK. 

1.  Find  the  area  in  square  inches  of  the  convex  surfare  ^il  a  l)ar  of 
iron  4^  inches  in  diameter  and  8  feet  5  inches  lon)^.      Ans.  ].:Ms.rj:5  s(i.  in. 

2.  Find  the  area  of  the  entire  surface  of  the  above  bar. 

Ans.   1, :',:♦).!)  «\.  in. 

3.  What  is  the  area  of  the  entire  surfatx*  of  the  hexaj^onal  pri^ni 
whose  base  is  shown  in  Fig.  52  ?  Ans.   77.  IIMJ  s«}.  in, 

4.  A  multitubular  boiler  has  the  followinj^  dimensions:  diameter, 
50  inches;  length  between  heads,  15  feet;  nunil)er  of  tubes,  of;;  outside 
diameter  of  tubes,  3  inches;  distance  of  mean  water-line  from  top  of 
boiler,  16  inches,  (a)  Compute  the  steam  spare  in  cuhrc  t'eet.  (/>»)  Find 
the  number  of  gallons  of  water  required  to  till  the  boiler  up  to  the  mean 
water-line.  .         ^  (</)    50.4  cu.  ft. 

^"^-  'Hd)    800  gal. 
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THE  PYRAMID  AND  CONE. 

9S.     A  pyramid   (Fig.    54)   is   a   solid  whose   base   is  a 

polygon  and  whose  sides  are 
triangles  uniting  at  a  common 
point,  called  the  vertex. 

94,  A  cone  (Fig.  55)  is  a 
solid  whose  base  is  a  circle  and 
whose  convex  surface  tapers 
uniformly   to   a    point    called 


Fig.  54. 
the  vertex. 


Fig.  55. 


96,  The  altitude  of  a  pyramid  or  cone  is  the  perpen- 
dicular distance  from  the  vertex  to  the  base. 

96,  The  slant  height  of  a  pyramid  is  a  line  drawn  from 
the  vertex  perpendicular  to  one  of  the  sides  of  the  base. 
The  slant  height  of  a  cone  is  any  straight  line  drawn  from 
the  vertex  to  the  circumference  of  the  base. 

97,  To  find  the  convex  area  of  a  pyramid  or  cone : 

Rule  21. — Multiply  the  perimeter  of  the  base  by  one -half 
the  slant  height. 

Example  1. — What  is  the  convex  area  of  a  pentagonal  pyramid  if 
one  side  of  the  base  measures  6  inches  and  the  slant  height  is  14  inches  ? 

Solution. — The  base  of  a  pentagonal  pyramid  is  a  pentagon,  and, 

consequently,  has  fives  sides. 

14 
6  X  5  =  30  inches,  or  the  perimeter  of  the  base.    30  X  -q-  =  210  sq.  in., 

or  the  convex  area.     Ans. 

Example  2. — What  is  the  entire  area  of  a  right  cone  whose  slant 
height  is  17  inches  and  whose  base  is  8  inches  in  diameter  ? 

Solution.— The  perimeter  of  the  base  =  8  X  3.1416  =  25.1828  in. 

17 
Convex  area  =  25.1328  X  ir  =  213.63  sq.  in. 

Area  of  base  =      8«  X  .7854  =    50.27  sq.  in. 

Entire  area  =  263.90  sq.  in.     Ans. 

98,  To  find  the  volume  of  a  pyramid  or  cone : 

lliile  22. — Multiply  the  area  of  the  base  by  one-third  of 

the  altitude. 

Example  1. — What  is  the  volume  of  a  triangular  pyramid,  each  edge 
of  whose  base  measures  6  inches  and  whose  altitude  is  8  inches  ? 


§3 
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Solution. — Draw  the  base  as  shown  in  Fig.  56; 
it  will  be  an  equilateral  triangle,  all  of  whose  sides 
are  6  inches  long. 

Draw  a  perpendicular  B  D  from  the  vertex  to 
the  base;  it  will  divide  the  base  into  two  equal 
parts,  since  an 

and  will  be  the  altitude  of  the  triangU 
to  obtain  the  area  of  the  base,  this  altitude  must 
be  determined. 

In  the  right  triangle  B D A,  the  hypotenuse  B A  =Q  inches  and 
side  A  D  =^^  inches,  to  find  the  other  side, 


rill    uiviuc   Lite    uasc  iiiiu   lwu  cqucii  / 

equilateral  triangle  is  also  isosceles,         / 
5  altitude  of  the  trianc:le.     In  order    -^^ — 


Fig.  5fi. 


^  Z?  =  V6«  -  3«  =  5.2  in.,  nearly. 

Area  of  the  base,  or  B  A  C,  = ^^-^  =  15.6  sq.  in.    Hence,  the  vol- 

ume  =  15.6  X  ^  =  41.6  cu.  in.     Ans. 

Example  2. — What   is  the   volume  of  a  cone  whose  altitude   is 
18  inches  and  whose  base  is  14  inches  in  diameter  ? 

Solution. — Area  of  the  base  =  14*  x  .7854  =  153.94  sq.  in.     Hence, 

18 
the  volume  =  153.  d4  X  ^  =  923.64  cu.  in.     Ans. 

o 


EXAMPLES  FOR  PRACTICE. 

1.  Find  the  convex  surface  of  a  square  pyramid  whose  slant  heiglit 
is  28  inches  and  one  edge  of  whose  base  is  7i  inches  lonjr. 

Ans.  420  scj.  in. 

2.  What  is  the  volume  of  a  triangular  pyramid,  one  vlI^v  of  whose 
base  measures  3  inches  and  whose  altitude  is  4  inches  ?      Ans.  0,2  cu.  in. 

3.  Find  the  volume  of  a  cone  whose  altitude  is  12  inches  and  the 
circumference  of  whose  base  is  31.416  inches.  Ans.  314. 10  cu.  in. 

Note. — Find  the  diameter  of  the  base  and  then  its  area. 


THE  FRUSTUM  OF  A  PYRAMID  OK  C OXK. 

09.  If  a  pyramid  be  cut  ])y  a 
plane,  parallel  to  the  base,  so  as  to 
form  two  parts,  as  in  Fig.  57,  the 
lower  part  is  called  the  trust uin 
of  the  pyramid. 

If  a  cone  be  cut  in  a  similar  man- 
ner, as  in  Fiji:.  ^^^^  t.he  lower  part  is 
called  the  frustuiu  of  the  cone. 


Fio.  S7. 


Fir..  W. 
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100.  The  upper  end  of  the  frustum  of  a  pyramid  or 
cone  is  called  the  upper  base,  and  the  lower  end  the  lower 
base.  The  altitude  of  a  frustum  is  the  perpendicular  dis- 
tance between  the  bases. 

101.  To  find  the  convex  surface  of  a  frustum  of  a 
pyramid  or  cone: 

Kule  23. — Multiply  one-half  the  stim  of  the  perimeters  of 
the  t2uo  bases  by  the  slant  height  of  the  frustum. 

Example  1. — Given,  the  frustum  of  a  triangular  pyramid,  in  which 
one  side  of  the  lower  base  measures  10  inches,  one  side  of  the  upper 
base  measures  6  inches,  and  whose  slant  height  is  9  inches;  find  the 
area  of  the  convex  surface. 

Solution. —    10  in.  x  3  =  30  in.,  the  perimeter  of  the  lower  base. 

6  in.  X  3  =  18  in.,  the  perimeter  of  the  upper  base. 

30  -4-  18 

— ^ —  =  24  in.,  or  one-half  the  sum  of  the  perimeters  of  the  two 

bases.     24  X  9  =  216  sq.  in.,  the  convex  area.     Ans. 

Example  2. — If  the  diameters  of  the  two  bases  of  a  frustum  of  a 
cone  are  12  inches  and  8  inches,  respectively,  and  the  slant  height  is 
12  inches,  what  is  the  entire  area  of  the  frustum  ? 

(12  X  3.1416)  +  (8  X  3.1416)  ^.^      ^^^  ^  .  . 

BoLUTioN. —    • -    X  12  =  376.99  sq.    in.,   the 

area  of  the  convex  surface. 

Area  of  the  upper  base  =  8*  X  .7854  =  50.27  sq.  in. 
Area  of  the  lower  base  =  12*  X  .7854  =  113.1  sq.  in. 
The  entire  area  of  the  frustum  =  376.99  +  50.27  + 113.1  =  540.36  sq.  in. 

Ans. 

102.  To  find  the  volume  of  the  frustum  of  a  pyramid 
or  cone: 

Rule  24. — Add  together  the  areas  of  the  upper  and  loii^er 
bases  and  the  square  root  of  the  product  of  the  two  areas ; 
multiply  the  sum  by  one-third  of  the  altitude. 

Example  1. — Given,  a  frustum  of  a  square  pyramid  (one  whose  base 
is  a  square) ;  each  edge  of  the  lower  base  is  12  inches,  each  edge  of  the 
upper  base  is  5  inches,  and  its  altitude  is  16  inches;  what  is  its  volume? 

Solution. — Area  of  upper  base  =  5  x  5  =  25  sq.  in.;  area  of  lower 
base  =  12  X  12  —  144  sq.  in. ;  the  square  root  of  the  product  of  the  two 

areas  =  |^^r>  x  144  =  00.     Adding  these  three  results,  and  multiplying 

16 
by  one-third  the  altitude.  25  +144  +  00  =  229;  229  X  -^  =  1.221^  cu.  in. 

=  the  volume.     Ans. 
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Example  2. — How  many  gallons  of  water  will  a  round  tank  hold 
which  is  4  feet  in  diameter  at  the  top,  5  feet  in  diameter  at  the  bottom, 
and  8  feet  deep  ? 

Solution. — There  are  231  cubic  inches  in  a  gallon,  and  the  volume 
of  the  tank  should  be  found  in  cubic  inches.  The  tank  is  in  the  shape 
of  the  frustum  of  a  cone.  The  upper  diameter  =  4  X  12  =  48  inches ; 
the  lower  diameter  =  5  X  12  =  60  inches,  and  the  depth  =  8  X  1- 
=  96  inches.  Area  of  upper  base  =  48*  X  .7854  =  1,809.56  sq.  in. ;  area 
of  lower  base  =  60*  X  .7854  =  2,827.44  sq.  in. ;  i/1,809.56  x  2.827.44 
=  2,261.95. 

Whence,    1,809.56  +  2,827.44  +  2,261.95  =  6,898.95;    6,898.95  X  v 

o 

=  220,766.4  cu.  in.  =  contents.     Now,  since  there  are  2;J1  cu.  in.  in 
1  gallon,  the  tank  will  hold  220,766.4  •+-  2'M  =  955.7  gal.,  nearly.      Ans. 


EXAMPLES  FOR  PRACTICE. 

1.  Find  the  convex  surface  of  the  frustum  of  a  square  pyramid,  one 
edge  of  whose  lower  base  is  15  inches  long,  one  edge  of  whose  ui)pi'r 
base  is  14  inches  long,  and  whose  slant  height  is  1  inch.    Ans.  58  sq.  in. 

2.  Find  the  volume  of  the  above  frustum,  supposing  its  altitude  to 
be  3  inches.  Ans.  (i:»l  cu.  in. 

3.  Find  the  volume  of  the  frustum  of  a  cone  whose  altitude  is  12  icct 
and  the  diameters  of  whose  upper  and  lower  bases  are  8  and  10  feet, 
respectively.  Ans.  7«w;,.j5  <  u.  ft. 

4.  If  a  tank  had  the  dimensions  of  example  3,  how  many  K'^II**""^ 
would  it  hold  ?  Ans.  o,7;U.VX  gal.,  nc.irly. 


THE   SPHERE   AND   CYLIXDKICAL  lUXG. 

.      103,     A  sphere  (Fig.  59)  is  a  solid  bounded 
by  a  uniformly  curved  surface,  every  point 
of    which   is  equally   Sistant   from    a   point    / 
within,  called  the  center.  .} 

The  word  ball,  or  grlobe,  is  generally  used   't 
instead  of  sphere.  \:| 

104,     To  find  the  area  of  the  surface  of  a  ,,, . 

sphere : 

Rule  S5. — Square  the  diameter  and  multiply  tJic  result 

byS,U16. 

Example. — ^What  is  the  area  »>f  the  surfacir  of  a  sphere  whose  diam- 
eter is  14  inches  ? 

Solution,  —  Diameter   stpiared  x  3.1410  =  11^  x  3.1410  =  14  x  14 
X  3.1416  =  615.75  sq.  in.     Ans. 


%►«.>  V  v*\^V 
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From  this  it  will  be  seen  that  the  surface  of  a  sphere 
equals  the  circumference  of  a  g^eat  circle  multiplied  by  the 
diameter,  a  rule  often  used ;  a  great  circle  of  a  sphere  is  the 
intersection  of  its  surface  with  a  plane  passing  through  its 
center;  for  instance,  the  great  circle  oi  a  sphere  6  inches 
diameter  is  a  circle  of  6  inches  diameter.  Any  number  of 
great  circles  could  be  described  on  a  given  sphere. 

105.  To  find  the  volume  of  a  sphere : 

Rule  26. — Cube  the  diameter  and  multiply  the  result  by 

Example. — ^What  is  the  weight  of  a  lead  ball  12  inches  in  diameter, 
a  cubic  inch  of  lead  weighing  .41  pound  ? 

Solution.— Diameter  cubed  X  5236  =  12  X  12  X  12  X  .5236  =  904.78 
tu.  in.,  or  the  volume  of  the  balL  The  weight,  therefore,  =904.78 
X  .41  =  370.96  lb.     Ans. 

106.  To  find  the  convex  area  of  a  cyhndrical  nng : 

A  cylindrical  ring:  (Fig.  60)  is  a  cyl- 
inder bent  to  a  circle.  The  altitude  of 
the  cylinder  before  bending  is  the  same 
as  the  length  of  the  dotted  center  line  D. 
The  base  will  correspond  to  a  cross- 
section  on  the  line  A  B  drawn  from  the 
center  O,  Hence,  to  find  the  convex 
FIG.  60.  area : 

Rule  27. — Multiply  the  circumference  of  an  imaginary 
cross-section  on  the  line  A  B  by  the  length  of  the  center 
line  D, 

Example. — If  the  outside  diameter  of  the  ring  is  12  inches  and  the 
inside  diameter  is  8  inches,  what  is  its  convex  area  ? 

Solution. — The  diameter  of  the  center  circle  equals  one-half  the  sum 

12  +  8 
of  the   inside  and  outside  diameters  = -^^-^ — =10,   and  10x3.1416 

—  31.416  in.,  the  length  of  the  center  line. 

The  radius  of  the  inner  circle  is  4  inches;  of  the  outside  circle, 
6  inches;  therefore,  the  diameter  of  the  cross-section  on  the  line  A  B 
is  2  inches.  Then,  2  X  3.1416  =  6.2a32  in.,  and  6.2832x31.416 
=  197.4  sq.  in.,  the  convex  area.     Ans. 
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107,     To  find  the  volume  of  a  cylindrical  rinjj^ : 

Rule  28. —  The  volume  will  be  the  same  as  that  of  a  cylin- 
dcr  u'hose  altitude  equals  the  length  of  the 
dotted  eenter  line  D  (Fig.  61)  and  ivhose 
base  is  the  same  as  a  cross-section  of  the 
ring  on  the  line  A  B  drawn  from  the 
center  O,  Hence,  to  find  the  volume  of  a 
cylindrical  ring,  multiply  the  area  of  an 
imaginary  cross-section  on  the  line  A  B 
by  the  length  of  the  center  line  D,  ^''"•-  ''^■ 

Example. — What  is  the  volume  of  a  cylindrical  ring  whose  outside 
diameter  is  13  inches  and  whose  inside  diameter  is  8  inches? 

Solution. — The  diameter  of  the  center  circle  equals  one-half  the 

12  4-  8 
sum  of  the  inside  and  outside  diameters  =  -^^ —  =  10. 

10  X  3.141G  =  81.416  inches,  the  length  of  the  center  lino. 

The  radius  of  the  outside  circle  =  6  inches;  of  the  inside  circle 
=  4  inches;  therefore,  the  diameter  of  the  cross-section  »>n  the  line  .1  B 
=  2  inches. 

Then,  2*  X  .7854  =  3.1416  sq.  in.,  the  area  of  the  imaginary  cross- 
section. 

And  3.1416  X  31.416  =  98.7  cu.  in.,  the  volume.     Ans, 


exLcVmpl.es  for  practic  k. 

1.  What  is  the  volume  of  a  sphere  30  inches  in  dianulcr  ? 

Ans.   14.i:i7.'^  cu.  in 

2.  Hc>w  many  square  inches  in  the  surface  of  tlie  above  sphere  ? 

Ans.   'J.s-iT.14  Ml.  iiL 

3.  Required  the  area  of  the  c<mvcx  surface  <»f  a  ( ir(  ular  ri^).,^  the 
outside  diameter  of  the  ring  being  10  inches  and  the  insi<le  dianuter 
7^  inches.  Ans.    107. J).")  stj.  in. 

4.  Find  the  cubical  contents  of  the  ring  in  the  last  example. 

Ans.  \\'.\.1\\  (  u.  in. 

5.  The  surface  of  a  sphere  contains  314.10  square  inches.  AVhat  is 
the  volume  of  the  sphere  ?  Ans.  0-^3.0  cu.  in. 
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PRINCIPLES  OF  MECHANICS 


MATTER  AND  ITS  PROPERTIES. 


I>EFINITION  OF  MECII  AXIC'S. 

1.  MecluMilcs  is  that  science  which  treats  of  the  action 
of  forces  on  bodies  and  the  effects  that  they  prodiicL-;  it 
treats  of  the  laws  that  govern  the  movement  and  equilibrium 
of  bodies  and  shows  how  they  may  be  applied. 


MATTER. 

2,  Matter  is  anything  that  occupies  space.  It  is  the 
substance  of  which  all  bodies  consist.  Matter  is  (  omj)()sc(l 
<>f  molecules  and  atoms, 

3,  A  iiioleeulo  is  the  smallest  portion  of  matter  that 
can  exist  without  changing  its  nature. 

4,  An  atom  is  an  indivisible  portion  of  matter. 
Atoms  unite  to  form  molecules,  and  a  collection  of  mole- 
cules forms  a  mass  or  body. 

A  drop  of  water  may  be  divided  and  subdivided  until 
each  particle  is  so  small  that  it  can  only  be  seen  by  the  most 
powerful  microscope,  but  each  j)artiele  will  still  be  water. 

Now,  imagine  the  divisi(m  to  bj  carried  on  still  further, 
until  a  limit  is  reached  beyond  which  it  is  inij)ossible  to  jr,) 
without  changing  the  nature  of  the  j)arti(  le.  The  particle 
of  water  is  now  so  small  that,  if  it  be  divided  again,  it  will 

For  notice  of  the  copyright*  see  page  immediately  following  the  title  page. 
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cease  to  be  water,  and  will  be  something  else;  we  call  this 
particle  a  molecule. 

If  a  molecule  of  water  be  divided,  it  will  yield  2  atoms  of 
hydrogen  gas  and  1  of  oxygen  gas.  If  a  molecule  of  sul- 
phuric acid  be  divided,  it  will  yield  2  atoms  of  hydrogen,  1  of 
sulphur,  and  4  of  oxygen. 

6.  Bodies  are  composed  of  collections  of  molecules. 
Matter  exists  in  three  conditions  or  forms :  solid^  liquid,  and 
gaseous. 

6,  A  solid  iKxly  is  one  whose  molecules  change  their 
relative  positions  with  great  difficulty;  as  iron,  wood, 
stone,  etc. 

7,  A  liquid  body  is  one  whose  molecules  tend  to  change 
their  relative  positions  easily.  Liquids  readily  adapt  them- 
selves to  the  shape  of  vessels  that  contain  them,  and  their 
upper  surface  always  tends  to  become  perfectly  level.  Water, 
mercury,  molasses,  etc.,  are  liquids. 

8,  A  gaseous  body,  or  gas,  is  one  whose  molecules  tend 
to  separate  from  one  another ;  as  air,  oxygen,  hydrogen,  etc. 

Gaseous  bodies  are  sometimes  called  aerlfonn  (air-like) 
bodies.  They  are  divided  into  two  classes:  the  so-called 
^^  permanent''  gases  and  vapors. 

9,  A  permanent  gras  is  one  that  remains  a  gas  at  ordi- 
nary temperatures  and  pressures. 

10,  A  vapor  is  a  body  that  at  ordinary  temperatures  is  a 
liquid  or  solid,  but  when  heat  is  applied,  becomes  a  gas,  as 
steam. 

One  body  may,  under  different  conditions,  exist  in  all 
three  states;  as,  for  example,  mercury,  which  at  ordinary 
temperatures  is  a  liquid,  becomes  a  solid  (freezes)  at  40°  below 
zero,  and  a  vapor  (gas)  at  600°  above  zero.  By  means  of 
great  cold,  all  gases,  even  hydrogen,  have  been  liquefied, 
and  many  solidified. 

By  means  of  heat,  all  solids  have  been  liquefied,  and  a 
great  many  vaporized.  It  is  probable  that,  if  we  had  the 
means  of  producing  sufficiently  great  extremes  of  heat  and 
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cold,  all  solids  might  be  converted  into  gases,  and  all  gases 
into  solids. 

11.  Every  portion  of  matter  possesses  certain  qualities 
called  properties.  Properties  of  matter  are  divided  into  two 
classes :  general  and  speeiaL 

12.  General  proi>erties  of  matter  are  those  that  are 
common  to  all  bodies.  They  are  as  follows:  Rxiension^ 
impenetrability^  weighty  indestruetibility^  inertia^  mobility, 
divisibility^  porosity^  compressibility  ^  expansibility,  and 
elasticity, 

13.  Extension  is  the  property  of  occupying  space.  Since 
all  bodies  must  occupy  space,  it  follows  that  extension  is  a 
general  property. 

14.  By  impenetrability  we  mean  that  no  two  bodiL-s 
can  occupy  exactly  the  same  space  at  the  same  time. 

15.  Weigrlit  is  the  measure  of  the  earth's  attraction 
upon  a  body.  All  bodies  have  weight.  In  former  times  it 
was  supposed  that  gases  had  no  weight,  since,  if  uncontincd, 
they  tend  to  move  away  from  the  earth,  but,  nevertheless, 
they  will  finally  reach  a  point  beyond  which  tht^y  (  annot  j^o, 
being  held  in  suspension  by  the  earth's  attraction.  Weij^ht 
is  measured  by  comparison  with  a  standard.  'J'he  standard 
is  a  bar  of  platinum  weighing  1  pound,  owned  and  kej)t  l)y 
the  Government. 

ICJ.  Inertia  means  that  a  body  cannot  i)iit  itself  in 
mf>tion  nor  bring  itself  to  rest.  To  do  either  it  must  he- 
acted  upon  by  some  force. 

17.  Mobility  means  that  a  liody  can  be  chanj^ed  in 
positirm  by  some  force  acting  upon  it. 

18.  DlvLsibility  is  that  property  of  matter  by  virtut.'  of 
which  a  body  may  be  separated  into  parts. 

19.  Porosity  is  the  term  used  to  denote  the  fact  that 
there  is  space  between  the  molecules  of  a  body.  The  mole- 
cules of  a  body  are  supposed  to  he  spherical,  and,  hence, 
there  is  space  between   them,  as  there  would  be  between 
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peaches  in  a  basket.  The  molecules  of  water  are  larger 
than  those  of  salt;  so  that  when  salt  is  dissolved  in  water, 
its  molecules  wedge  themselves  between  the  molecules  of  the 
water,  and,  unless  too  much  salt  is  added,  the  water  will 
occupy  no  more  space  than  it  did  before.  This  does  not 
prove  that  water  is  penetrable,  for  the  molecules  of  salt 
occupy  the  space  that  the  molecules  of  water  did  not. 

Water  has  been  forced  through  iron  by  pressure,  thus 
proving  that  iron  is  porous. 

20,  Compressibility  is  a  natural  consequence  of  poros- 
ity. Since  there  is  space  between  the  molecules,  it  is  evi- 
dent that  by  means  of  force  (pressure)  they  can  be  brought 
closer  together,  and  thus  the  body  be  made  to  occupy  a 
smaller  space. 

21,  .  Expansibility  is  the  term  used  to  denote  the  fact 
that  the  molecules  of  a  body  will,  under  certain  conditions 
(when  heated,  for  example),  move  farther  apart,  and  so 
cause  the  body  to  expand^  or  occupy  a  greater  space. 

22,  Elasticity  is  that  property  of  matter  which  enables 
a  body  when  distorted  within  certain  limits  to  resume  its 
original  form  when  the  distorting  force  is  removed.  Glass, 
ivory,  and  steel  are  very  elastic,  clay  and  putty  in  their 
natural  state  being  very  slightly  so. 

23,  Iiulestmctlbility  is  the  term  used  to  denote  th^ 
fact  that  we  cannot  destroy  matter.  A  body  may  undergo 
thousands  of  changes,  be  resolved  into  its  molecules,  an<' 
its  molecules  into  atoms,  which  may  unite  with  other  atoms 
to  form  other  molecules  and  bodies  entirely  different  ir. 
appearance  and  properties  from  the  original  body,  but  the 
same  number  of  atoms  remain.  The  whole  number  of 
atoms  in  the  universe  is  exactly  the  same  now  as  it  was 
millions  of  years  ago,  and  will  always  be  the  same.  Matter 
is  indestruetible. 

24,  Special  properties  are  those  that  are  not  pos- 
sessed by  all  bodies.     Some  of  the  most  important  are  as 
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follows:    hardncsSy    tenacity ^    hrittlcncss^    malleability^    and 
ductility, 

!li5.  Ilanlncss. — A  piece  of  copjxir  will  scratch  a  piece 
of  wood,  steel  will  scratch  copper,  and  tempered  steel  will 
scratch  steel  in  its  ordinary  state.  We  express  all  this  by 
saying  that  steel  is  harder  than  copper,  and  so  on.  Emery 
and  corundum  are  extremely  hard,  and  the  diamond  is  the 
hardest  of  all  known  substances.  It  can  only  be  polished 
with  its  own  powder. 

26.  Tenacity  is  the  term  applied  to  the  power  with 
which  some  bodies  resist  a  force  tending  to  pull  them  apart. 
Steel  is  very  tenacious. 

27.  Brittleness.  —  Some  bodies  possess  considerable 
power  to  resist  either  a  pull  or  a  pressure,  but  they  are 
easily  broken  when  subjected  to  shocks  or  jars;  for  exam- 
ple, good  glass  will  bear  a  greater  compressive  force  than 
most  woods,  but  may  be  easily  broken  when  dropped  upon 
a  hard  floor;  this  property  is  called  brittiencss. 

28.  ]Malleablllty  is  that  property  which  j)ermits  of  some 
bodies  being  hammered  or  rolled  into  sheets,  (iold  is  the- 
most  malleable  of  all  substances. 

20.  Ductility  is  that  property  which  enables  some 
bodies  to  be  drawn  into  wire.  Platinum  is  the  most  ductile 
of  all  substances. 


MOTION  AXD  VELOCITY. 


i>KFixrn(>Ns. 

30.  Motion  is  the  opposite  of  rest  and  indicates  a  chanj^:- 
ing  of  position  in  relation  to  some  ()l)jcrt  whit  li  is  for  that 
purpose  regarded  as  being  fixed.  If  a  larj^a^  stone  is  rolled 
down  hill,  it  is  in  motion  in  relation  to  the  hill. 

If  a  person  is  on  a  railway  train  and  walks  in  the  oppo- 
site direction  from  that  in  which  the  train  is  moving,  and 
with  the  same  speed,  he  will  be  in  motion  as  regards  the 
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train,  but  at  rest  with  respect  to  the  earth,  since,  until  he 
gets  to  the  end  of  the  train,  he  will  be  directly  over  the 
spot  at  which  he  was  when  he  started  to  walk. 

31.  The  i>atli  of  a  body  in  motion  is  the  line  described 
by  a  certain  point  in  the  body  called  its  center  of  gravity. 
No  matter  how  irregular  the  shape  of  the  body  may  be,  nor 
how  many  turns  and  twists  it  may  make,  the  line  that  indi- 
cates the  direction  of  this  point  for  every  instant  that  it  is 
in  motion  is  the  path  of  the  body. 

32.  Velocity  is  rate  of  motion.  It  is  measured  by  a 
unit  of  space  passed  over  in  a  unit  of  time.  When  equal 
spaces  are  passed  over  in  equal  times,  the  velocity  is  said 
to  be  uniform. 

If  the  flywheel  of  an  engine  keeps  up  a  constant  speed  of 
a  certain  number  of  revolutions  per  minute,  the  velocity  of 
any  point  is  uniform.  A  railway  train  having  a  constant 
speed  of  40  miles  per  hour  moves  40  miles  every  hour, 
or  f^  =  f  mile  every  minute,  and  since  equal  spaces  are 
passed  over  in  equal  times,  the  velocity  is  uniform. 

33*  Variable  Velocity. — When  a  body  moves  in  such 
a  way  that  the  spaces  passed  over  in  equal  periods  of  time 
are  unequal,  its  velocity  is  said  to  be  variable. 

34.  The  rate  of  motion  of  a  body  with  a  variable  veloc- 
ity may  increase  or  decrease  at  a  uniform  rate.  When  the 
velocity  varies  in  either  of  these  ways,  the  body  is  said  to 
have  a  uniformly  varj'ingf  velocity. 

The  most  familiar  example  of  uniformly  varying  velocity 
is  a  falling  weight.  Suppose  a  stone  is  dropped  from  a  high 
bridge.  It  starts  from  a  state  of  rest  with  no  velocity,  but 
its  velocity  constantly  increases  until  it  strikes.  Its  increase 
in  velocity  during  any  equal  units  of  time  is  nearly  the 
same.  Thus,  at  the  end  of  the  first  second  its  velocity  will 
have  increased  from  0  to  a  rate  of  32.16  feet  per  second, 
nearly;  during  the  next  second  the  velocity  will  have 
increased  by  the  same  amount,  making  the  velocity  at  the 
end  of  the  second  second  04.32  feet.     At  the  end  of  the  third 
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second  a  like  increase  will  have  taken  place,  and  the  veloc- 
ity will  then  be  3  X  32. IG  =  96.48  feet  per  second. 

35.  The  change  in  the  velocity  of  a  body  during  a  period 
of  time  is  called  its  acceleration  for  that  period.  Thus,  in 
the  case  of  the  falling  weight  just  considered,  the  change 
of  32.10  feet  per  second  that  takes  place  in  its  velocity 
during  each  second  is  its  acceleration  in  feet  per  second  for 
each  second  considered.  If  the  period  of  time  considered 
had  been  2  seconds,  the  acceleration  would  have  been  the 
increase  in  velocity  during  this  time,  that  is,  04.32  feet  per 
second  for  each  2  seconds  considered. 

36.  The  change  in  velocity  may  be  from  a  higher  to  a 
lower  rate.  Thus,  w^hen  a  stone  is  thrown  upwards,  it  leaves 
the  hand  with  a  given  velocity;  its  upward  motion  is  con- 
stantly resisted  by  the  force  of  gravity  and  the  resistance 
of  the  air,  and  in  consequence  of  these  resistances,  it  moves 
slower  and  .slower  until  it  finally  stops  and  begins  to  return 
to  the  earth.  A  change  in  velocity  of  this  kind  is  some- 
times called  retardation. 

37.  The  mean  or  averagre  velocity  of  a  body  niovinj^ 
with  a  variable  velocity  can  only  be  given  for  a  stated  j)eriod 
of  time,  and  is  numerically  equal  to  the  uniform  velocity 
that  will  take  the  body  over  the  same  distance  in  the  same 
time. 


RULES  FOR  VELOCITY  PK015LEMS. 

38.     Uniform  and  Avei-a^c  Vcloclly. — 

Let  ^/=  distance; 

/  =  time ; 
V  =  velocity. 

Tlule  1. —  To  find  the  unifonti  or  the  avcra^i:;c  velocity  that 
a  body  must  have  to  pass  over  a  certain  distance  or  space  i)i  a 
given  time^  divide  the  distance  by  the  time, 

d 


^^^ 


V 
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Example  1. — The  piston  of  a  steam  engine  travels  3,000  feet  in 
5  minutes  ;  what  is  its  average  velocity  in  feet  per  minute  ? 

Solution. — Here  3,000  feet  is  the  distance,  and  5  minutes  is  the 
time.     Applying  the  rule,  3,000  -s-  5  =  600  ft.  per  min.     Ans. 

Caittiox. — Before  applying  the  above  or  any  of  the  succeedinis^ 
rules,  care  must  be  taken  to  reduce  the  values  given  to  the  denomi- 
nations required  in  the  answer.  Thus,  in  the  above  example,  if  the 
velocity  is  required  in  feet  per  second  instead  of  in  feet  per  minute, 
the  5  minutes  must  be  reduced  to  seconds  before  dividing.  The  oper- 
ati'm  will  then  be:  5  minutes  =  5  X  60  =  300  seconds.  Applving  the 
rule,  3.000  -r-  300  =  10  ft.  per  sec.     Ans. 

If  the  velocity  is  required  in  inches  per  second,  it  is  necessary  to 
reduce  the  3.000  feet  to  inches  and  the  5  minutes  to  seconds,  before 
dividing.  Thus,  3.000  feet  X  12  =  36,000  inches.  5  minutes  x  60 
=  300  seconds.  Now  applying  the  rule,  36.000 -4- 300  =r  120  in.  per 
sec.     Ans. 

E.XAMPLE  2. — A  railroad  train  travels  50  miles  in  1|  hours;  what  is 
its  average  velocity  in  feet  per  second  ? 

Solution. — Reducing  the  miles  to  feet  and  the  hours  to  seconds, 
50  miles  X  5,280  =  264.000  feet.  1|  hours  X  60  X  60  =  5.400  seconds. 
Applying  the  rule.  264.000  -*-  5.400  =  48^  ft.  per  sec.     Ans, 

39.  If  the  uniform  velocity  (or  the  average  velocity) 
and  the  time  are  given,  and  it  is  required  to  find  the  distance 
that  a  body  having  the  given  velocity  will  travel  in  the 
given  time: 

Rule  2. — Multiply  the  velocity  by  the  time. 

Or,  d—vt, 

E.xample  1. — The  velocity  of  sound  in  still  air  is  1.092  feet  per 
second;  how  many  miles  will  it  travel  in  16  seconds  ? 

Solution.— Reducing  the  1,092  feet  to  miles.  1.092 -^  5,280  =  JJg;. 
Applying  the  rule.  iS?o  X  16  =  3.31  mi.,  nearly.     Ans. 

Example  2. — The  piston  speed  of  an  engine  is  11  feet  per  second, 
how  many  miles  does  the  piston  travel  in  1  hour  and  15  minutes  ? 

Solution. —  4  hour  and  15  minutes  reduced  to  seconds  =  4,500 
seconds  =r  the  time.  1 1  feet  reduced  to  miles  =  zWz  niile  =  velocity 
in  miles  per  second.    Applying  the  rule,  y^J^  X  4,500  =  9.375  mi.    Ans. 

4().  If  the  distance  through  which  a  body  moves  is 
given,  and  also  its  average  or  uniform  velocity,  and  it  is 
desired  to  know  how  long  it  takes  the  body  to  move  through 
the  given  distance: 
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Rule  3. — Divide  the  distance^  or  space  passed  over ^  by  tJie 
velocity. 

Or,  /  =  i 

V 

Example  1. — Suppose  that  the  radius  of  the  crank  of  a  steam  engine 
i;>  15  inches  and  that  the  shaft  makes  120  revolutions  per  minute;  how 
long  will  it  take  the  crankpin  to  travel  18,849.6  feet  ? 

Solution. — Since  the  radius,  or  distance  from  the  center  of  the 
shaft  to  the  center  of  the  crankpin,  is  15  inches,  the  diameter  of  the 
circle  it  moves  in  is  15  inches  X  2  =  30  inches  =  2.5  feet.  The  circum- 
ference of  this  circle  is  2.5  X  3.1416  =  7.854  feet.  7.854  X  I'-iO  -  JM2.4X 
feet  =  distance  that  the  crankpin  travels  in  1  minute  —  velocity  in  feet 
jHrr  minute.     Applying  the  rule,  18,849.6  -j-  942.48  =  20  min.     Ans. 

E.XAMPLK  2. — A  point  on  the  rim  of  an  engine  flywheel  travels  at  the 
rate  of  150  feet  per  second;  how  long  will  it  take  it  to  travel  45. (MM)  fuvt  ? 

Solution. — ^Applying  the  rule, 

45,000  -*- 150  =  300  sec.  =  5  min.     Ans. 


EXAMPLES   FOR   PRACTICE. 

1.  A  locomotive  has  drivers  80  inches  in  diameter.  If  they  make 
293  revolutions  per  minute,  what  is  the  velocity  of  the  train  in  {ll^  fctt 
per  second  ?  {h)  miles  per  hour  ?  a    -   ^  ^'^^     102.277  ft.  per  scr. 

'  '\{h)       ()l).7:54nii.  prr  hr. 

2.  Assuming  the  velocity  of  steam  as  it  enters  the  cylinder  to  br 
901)  feet  per  second,  how  far  can  it  travel,  if  unobstructed,  cUirini;  the 
time  the  flywheel  of  an  engine  revolves  7  times,  if  the  niinilxT  of 
revolutions  i>er  minute  are  120?  Ans.  iJJThj  ft. 

3.  The  average  speed  of  the  piston  of  an  engine  bein>j:  ."i'is  iVet  i)er 

minute,  how  long  will  it  take  the  piston  to  travel  4  miles  ? 

Ans.   10  niin. 

4.  A  speed  of  40  miles  per  hour  equals  how  many  feet  per  see  ond  ? 

Ans.  5S.4  ft. 

5.  The  earth  turns  around  once  in  24  hour.s.  If  the  diameter  be 
taken  as  8,000  miles,  what  is  the  veh)city  of  a  j)oint  on  the  e(piator  in 
miles  per  minute?  Ans.  17.4.")^  mi.  per  min 

6.  The  stroke  of  an  engine  is  28  inches.  If  the  engine  makes 
11,40<)  strokes  per  hour,  i^a)  what  is  its  speed  in  feet  per  minute? 
Uf)  how  far  will  this  piston  travel  in  11  minutes  ? 

\  Ui)    41iH  ft.  per  min. 

An*;- 

{^h)    4,870  ft.  8  in. 
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FORCE. 


GENlERAIi  PRINCIPLES. 

41.  Force  is  known  only  by  the  effects  it  produces  on 
matter.  Forces  cannot,  therefore,  be  compared  in  the  same 
way  that  quantities  of  matter  or  distances  are  compared; 
the  only  way  in  which  forces  can  be  examined  in  reference 
to  one  another  is  by  noting  their  relative  effects  in  the 
production  of  motion  or  a  change  of  state  in  matter. 

The  most  familiar  conception  of  force  is  that  of  a  push  or 
pull  that  tends  to  produce  or  destroy  motion.  If  the  force 
is  great  enough,  its  effect  is  seen  in  a  change  in  the  state 
of  motion  of  the  body  on  which  it  acts;  that  is,  it  either 
produces  motion  in  the  body  or  destroys  some  or  all  of  the 
motion  already  existing.  If,  however,  the  body  acted  on 
by  a  force  is  so  situated  that  the  force  applied  to  it  is 
opposed  by  a  resisting  force  of  equal  magnitude,  no  change  in 
motion  is  produced.  In  this  case  the  force  is  not  perceiv- 
able, unless  some  other  force  is  introduced  whose  effects 
will  reveal  the  existence  of  the  first  force. 

43.  Forces  are  called  by  various  names  according  to  the 
ways  in  which  they  manifest  themselves.  Manifestations  of 
force  are:  attraction^  repulsion,  cohesion,  adhesion,  accelera- 
tion, retardation,  resistance,  etc.,  and  the  forces  producing 
these  manifestations  are  called  attractive,  repulsive,  cohesive, 
adhesive,  accelerating,  retarding,  resisting,  etc.  forces. 

43.  Comparison  of  Forces. — In  considering  the  effects 
of  a  force  on  a  body,  some  standard  of  comparison  must  be 
used.  The  standard  most  commonly  adopted  in  English- 
speaking  countries  is  the  pound,  which  is  the  force  required 
to  raise  a  standard  mass  of  matter  from  the  ground  under 
certain  specified  conditions. 

In  practice,  force  is  always  regarded  as  a  pressure;  that 
is,  a  force  is  considered  the  equivalent  of  the  pressure 
exerted  by  a  weight.     For  example,  the  effect  of  a  force  of 
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20  pounds  acting  upon  a  body  is  the  same  as  the  pressure 
of  20  pounds  exerted  by  a  weight  of  20  pounds. 

44.  In  order  that  we  may  compare  the  effect  of  a  force 
on  a  body  with  that  of  another  force  on  another  body,  it 
is  necessary  that  the  following  three  conditums  be  fulfilled 
in  regard  to  both  bodies: 

1.  The  point  of  application,  or  point  at  which  the  force 
acts  upon  the  body,  must  be  known. 

2.  The  direction  of  the  force,  or,  what  is  the  same  thing, 
the  straight  line  along  which  the  force  tends  to  move  the 
point  of  application,  must  be  known. 

3.  The  magnitude  or  value  of  the  force  in  comparison 
with  the  given  standard  must  be  known. 

45.  Reduction  of  Forces. — When  a  number  of  forces 
act  upon  a  body  and  produce  a  certain  effect,  it  is  often 
necessary  to  find  a  single  force  that,  when  substituted  for 
the  given  forces,  will  produce  the  same  effect.  In  order  to 
find  the  point  of  application,  the  direction,  and  the  magni- 
tude of  this  single  force,  it  is  necessary  to  know  the  above 
three  conditions  of  every  one  of  the  given  forces. 


NEWTON'S  LAWS  OF  MOTION. 

46.  The  fundamental  principles  of  the  relations  between 
force  and  motion  were  first  stated  by  Sir  Isaac  Newton,  and 
are  called  Newton  s  Three  Laivs  of  Motion.  They  are  as 
follows: 

1.  All  bodies  continue  in  a  state  of  rest,  or  of  uniform 
motion  in  a  straight  line^  unless  aeted  upon  by  some  external 
foree  that  eompels  a  change. 

2.  Every  motion  or  change  of  motion  is  proportional  to  the 
acting  force,  and  takes  place  in  the  direction  of  the  straight 
line  along  which  the  force  acts. 

3.  To  ex^ery  action  there  is  always  opposed  an  equal  reaction. 

These  laws  in  their  accepted  form,  as  just  given,  have 
been  more  or  less  indirectly  derived  from  experiment,  but 
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they  are  so  comprehensive  as  to  defy  complete  experimental 
verification. 

47.  Exempimcatlon  ofthe  First  Iaav. — In  the  first  law 
of  motion,  it  is  stated  that  a  body  once  set  in  motion  by  any 
force,  no  matter  how  small,  will  move  forever  in  a  straight 
line,  and  always  with  the  same  velocity,  unless  acted  upon 
by  some  other  force  that  compels  a  change.  It  is  not  f)os- 
sible  to  actually  verify  this  law,  on  account  of  the  earth's 
attraction  for  all  bodies,  but,  from  astronomical  observa- 
tions, we  are  certain  that  the  law  is  true.  This  law  is  often 
called  the  law  of  inertia. 

48.  The  word  Inertia  is  so  abused  that  a  full  under- 
standing of  its  meaning  is  important.  Inertia  is  not  a  force, 
although  it  is  often  so  called.  If  a  force  acts  upon  a  body 
and  puts  it  in  motion,  the  effect  of  the  force  is  stored  in  the 
body,  and  a  second  body,  in  stopping  the  first,  will  receive  a 
blow  equal  in  every  respect  to  the  original  force,  assuming 
that  there  has  been  no  resistance  of  any  kind  to  the  motion 
of  the  first  body. 

It  is  dangerous  for  a  person  to  jump  from  a  fast-moving 
train,  for  the  reason  that,  since  his  body  has  the  same  veloc- 
ity as  the  train,  it  has  the  same  force  stored  in  it  that  would 
cause  a  body  of  the  same  weight  to  take  the  same  velocity 
as  the  train,  and  the  effect  of  a  sudden  stoppage  is  the 
same  as  the  effect  of  a  bloW  necessary  to  give  the  person 
that  velocity. 

By  **  bracing  "  himself  and  jumping  in  the  same  direction 
that  the  train  is  moving,  and  running,  he  brings  himself 
gradually  to  rest,  and  thus  reduces  the  danger.  If  a  body 
is  at  rest,  it  must  be  acted  upon  by  a  force  in  order  to  be 
put  in  motion,  and,  no  matter  how  great  the  force  may  be, 
it  cannot  be  instantly  put  in  motion. 

The  resistance  thus  offered  to  being  put  in  motion  is  com- 
monly, but  erroneously,  called  the  resistance  of  inertia.  It 
should  be  called  the  resistance  due  to  inertia. 

49.  Kxempllflcation  of  tlie  Second  Law. — From  the 
second  law,  we  see  that  if  two  or  more  forces  act  upon  a 
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IkkIv,  their  final  efEect  on  the  body  will  l>e  in  proportion 
to  their  magnitudes  and  to  the  directions  in  which  they 
act. 

Thus,  if  the  wind  is  blowing  due  west  with  a  velocity  of 
50  miles  per  hour,  and 
a  ball  is  thrown  due 
north  with  the  same 
velocity,  or  5i)  miles  j>er 
hour,  the  wind  will  car- 
ry the  ball  west  while 
the  force  of  the  throw 
is  carrying  it  north,  and 
the  combined  t-fTeet  will 
be  to  cause  it  to  move 
northwest. 

The  amount  <>f  depar- 
ture from  due  n<irtli  will 
be  proportional  to  the 
force  of  the  wind  und 
independent  of  the  ve- 
locity due  to  the  f^rce 
of  the  throw. 


50.     In  F 


:i  hall 


attached  to  the  le 
in  KiK-li  a  manner  1 
will  swin^;  the 
huriz..ntally 
allow  the  hall  to 
ArK.ther  iiall  /'  re; 
a  horiznnial  ^jrnovi 
is  provided  with 
in  the  hotti'm.  A  s' 
ing  arm  is  actuated  by  the  spring  <l  in  sui-h  a  manner 
when  drawn  back,  as  shown,  and  then  released,  it  will  ; 
the  lever  o  and  the  ball  b  at  the  same  time.     This  gi 


that, 
;trike 
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an  impulse  in  a  horizontal  direction,  and  swings  o  so  as  to 
allow  e  to  fall. 

On  trying  the  experiment,  it  is  found  that  b  follows  a 
path  shown  by  the  curved  dotted  line,  and  reaches  the  floor 
at  the  same  instant  as  r,  which  drops  vertically.  This 
shows  that  the  force  that  gave  the  first  ball  its  horizontal 
movement  had  no  effect  on  the  vertical  force  that  com- 
pelled both  balls  to  fall  to  the  floor;  the  vertical  force  pro- 
duces the  same  effect  as  if  the  horizontal  force  had  not 
acted.  The  second  law  may  also  be  stated  as  follows:  A 
force  has  the  same  effect  in  prodiicijig  motion^  zvhether  it  acts 
upon  a  body  at  rest  or  iji  motion^  and  zuhether  it  acts  alone  or 
with  other  forces. 

61.  Exempllflcation  of  tbe  Third  liaw. — The  third 
law  states  that  action  and  reaction  are  equal.  A  man  can- 
not lift  himself  by  his  boot  straps  for  the  reason  that  he 
presses  downwards  with  the  same  force  that  he  pulls 
upwards;  the  downward  reaction  equals  the  upward  action, 
and  is  opposite  to  it. 

In  springing  from  a  boat,  we  must  exercise  caution  or 
the  reaction  will  drive  the  boat  from  the  shore.  When  we 
jump  from  the  ground,  we  tend  to  push  the  earth  from  us, 
while  the  earth  reacts  and  pushes  us  from  it. 

Example. — Two  men  pull  on  a  rope  in  opposite  directions,  each 
exerting  a  force  of  100  pounds;  what  is  the  force  that  the  rope 
resists  ? 

Solution. — Imagine  the  rope  to  be  fastened  to  a  tree,  and  that  one 
man  pulls  with  a  force  of  100  pounds.  The  rope  evidently  resists 
100  pounds.  According  to  Newton's  third  law,  the  reaction  of  the  tree 
is  also  100  pounds.  Now,  suppose  the  rope  to  be  slacked,  but  that  one 
end  is  still  fastened  to  the  tree ;  the  second  man  then  takes  hold  of  the 
rope  near  the  tree,  and  pulls  with  a  force  of  100  pounds,  the  first  man 
pulling  as  before.  The  resistance  of  the  rope  is  100  pounds,  as  before, 
since  the  second  man  merely  takes  the  place  of  the  tree.  He  is 
obliged  to  exert  a  force  of  100  pounds  to  keep  the  rope  from  slipping 
through  his  fingers.  If  the  rope  is  passed  around  the  tree,  and  each 
man  pulls  an  end  with  a  force  of  100  pounds  in  the  same  and  parallel 
directions,  the  stress  in  the  rope  is  100  pounds,  as  before,  but  the  tree 
must  resist  the  pull  of  both  men,  or  200  pounds. 
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52.  Dynamics,  also  called  kinetics,  is  that  branch  of 
mechanics  that  treats  of  forces  and  their  effects  when  they 
produce  a  change  in  motion  in  the  bodies  on  which  they  act. 

53.  Statics  is  that  branch  of  mechanics  that  treats  of 
forces  and  their  effects  when  they  do  not  produce  a  change 
in  motion  in  the  bodies  on  which  they  act. 


GRAVITATIOX  AND  WEIGHT. 

54.  Every  body  in  the  universe  exerts  a  certain  attract- 
ive force  on  every  other  body,  which  tends  to  draw  the  tw(> 
together.  To  scientists,  this  attractive  force  is  known  as 
Srnivltation. 

If  a  body  is  held  in  the  hand,  a  downward  pull  is  felt, 
and  if  the  hold  is  loosened,  the  body  will  fall  to  the  ground. 
This  pull,  which  we  commonly  call  welurlit,  is  the  attrac- 
tion between  the  earth  and  the  body. 

55.  The  attraction  between  the  earth  and  bodies  at  or 
near  its  surface  is  denoted  by  the  term  force  of  prnivlty. 
This  attraction  is  generally  considered  as  acting  along  the 
line  joining  the  center  of  gravity  of  the  body  and  the  center 
of  the  earth.  By  center  of  gravity  is  meant  that  point  of 
a  body  at  which  its  whole  weight  may  be  assumed  to  be 
concentrated. 

56.  The  weight  of  a  body  is  directly  proportional  to 
the  force  of  gravity.  From  this  it  follows  that  the  weij^ht 
of  a  body  can  only  be  uniform  everywhere  if  the  force  of 
gravity  is  uniform.  As  a  matter  of  fact,  the  fone  of 
gravity  varies  in  different  locations;  consequently,  the 
weight  of  the  body  is  not  the  same  at  all  points  on  the  surf:i(  e 
of  the  earth.  This  has  been  conclusively  shown  by  sensitive 
spring  balances. 

ACCEI^EIIATING  AND  KETARDIXG  FOUCKS. 

57.  According  to  the  first  law  of  motion,  if  a  body  is 
set  in  motion  by  a  force  and  the  force  then  ceases  to  act, 
the  body  will  continue  to  move  at  the  rate  it  had  at  the 
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instant  the  action  of  the  force  was  discontinued,  unless 
acted  upon  by  some  other  force. 

If,  however,  a  force  acts  upon  a  body  for  a  given  period 
of  time,  say  1  second,  and  imparts  to  it  a  certain  amount  of 
motion,  and  then,  instead  of  ceasing  to  act,  acts  with  the 
same  intensity  during  the  next  second,  it  will  impart  to  the 
body  an  increase  in  velocity  equal  to  the  velocity  imparted 
during  the  first  second.  Then,  the  velocity  at  the  end  of 
the  second  second  will  be  twice  that  at  the  end  of  the  first. 
During  the  third  second  a  like  increase  in  velocity  will  be 
produced,  making  the  velocity  at  the  end  of  the  third  sec- 
ond three  times  as  great  as  at  the  end  of  the  first.  This 
uniform  increase  in  velocity  will  continue  as  long  as  the 
constant  force  continues  to  act  on  the  bodv.  A  constant 
force  when  producing  a  constant  acceleration  is  called  a 
constant  aceeleratin^  force. 

68.  If  a  constant  force  is  applied  to  a  body  in  motion  in 
such  a  manner  that  it  opposes  the  motion,  its  effect  will  be 
to  reduce  the  motion  by  a  certain  amount,  which  will  be 
the  same  for  each  second  during  which  it  acts.  In  this 
case,  the  force  is  called  a  constant  retarding:  force. 

We  thus  see  that  the  effect  of  a  constant  force  acting 
upon  a  body  in  motion  is  to  produce  a  uniform  acceleration 
or  retardation  in  the  velocity  of  motion  of  the  body,  it 
being  assumed  that  the  motion  of  the  body  is  not  opposed 
by  varying  resisting  forces. 

50.     Acceleration  Due  to  tbe  Force  of  Gravity. — If  a 

body  falls  freely  under  the  action  of  the  force  of  gravity, 
its  velocity  will  increase  at  a  imiform  rate;  in  other  words, 
it  will  be  accelerated.  Since  the  force  of  gravity  varies  in 
different  localities,  it  follows  that  the  acceleration  produced 
by  it  is  not  everywhere  the  same.  The  greatest  range  in 
the  acceleration  due  to  the  force  of  gravity  in  the  United 
States  is  from  a  minimum  of  about  32.089  feet  per  second 
up  to  a  maximum  of  about  32.180  feet  per  second  for  each 
second.  In  the  latitude  of  Scranton,  Pa.,  and  at  the  level 
of  the  sea,  the  acceleration  is  nearly  32.16  feet  per  second; 
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this  value  will  be  used  in  all  calculations  in  this  Course  that 
involve  the  use  of  acceleration  due  to  the  force  of  gravity. 
In  accordance  with  the  practice  of  most  scientific  writers, 
we  will  denote  the  acceleration  due  to  the  force  of  gravity 
by  the  letter  g. 

60.  Mn£». — If  the  weight  of  a  body  at  any  place,  as 
determined  by  a  spring  balance,  is  divided  by  the  accelera- 
tion due  to  the  force  of  gravity  at  that  place,  a  numerical 
value  will  be  obtained  that,  for  the  same  btxly,  will  be  the 
same  wherever  it  may  be  weighed.  This  quotient  is  called 
the  iiuuss  of  the  body,  and  is  generally  designated  by  the 
letter  ;//. 

Rule  4. —  To  find  the  mass  of  a  body^  divide  its  wei^i;/it  by 
the  aeee/eration  due  to  the  force  of  gravity. 

Let  rF=  the  weight  of  a  body; 

g  =  acceleration  due  to  gravity; 
m  =  mass  of  the  body. 

IV 
Then,  ;//  =  — . 

Example. — What  is  the  mass  of  a  body  weighing  90. 4H  i)<)iin(ls  ? 
Solution*. — Applying  the  rule,  m  =  -  '      =  3.     Ans. 

01.  J^aw  of  Gravitation. — The  attractive  force  hv 
which  one  body  tends  to  draw  another  l)o(ly  toward  it  is 
directly  proportional  to  its  mass  and  inversely  projiort  ional 
to  the  square  of  the  distance  between  their  centers  of  i^ravit  y. 

62.    r^iws  of  WeigrHt,— 

1.  /bodies  weigh  most  at  the  surface  of  the  ciwih.  IuIoik^ 
the  surfaee^  the  weight  decreases  directly  as  the  dis/uficc  to 
the  center  of  the  earth  decreases. 

2.  Above  the  surface^  the  7i'eight  decreases  ifrrcrscly  as  the 
square  of  the  distance, 

63.  ClianjJT©  in  Motion  of  a  IJody. — A  ehanj^e  in  the 
motion  of  a  body  cannot  take  phiee  without  the  aetion  of 
an  accelerating  or  retarding  force.     The  force  required  to 
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produce  a  given  acceleration  or  retardation  in  a  body  is 
given  by  the  following  rule,  where 

/  =  force  in  pounds ; 

a  =  acceleration  or  retardation  in  feet  per  second. 

Rule  6. — Multiply  the  mass  of  the  body  by  the  accelera- 
tio7iy  or  retardation,  in  feet  per  second. 

Or,  /=  ma. 

W  .  W 

Since  ;;/  =  —  (see  rule  4),  this  may  also  be  written /"=       a. 

g  g 

Example. — What  force  will  be  required  to  give  a  body  weighing 
90  pounds  an  acceleration  of  5  feet  per  second  ? 

Solution. — Applying  rule  6,  we  get 

go 
/=^^X5  =  13.»9-hlb.,  sayUlb.    Ans. 

64.  According  to  the  first  law  of  motion,  a  body  in 
motion  not  acted  upon  by  any  external  force  will  continue 
its  motion  without  any  further  application  of  a  force.  In 
practice,  however,  the  motion  of  a  body  is  always  opposed 
by  some  resisting  force  or  forces.  According  to  the  third 
law  of  motion,  the  force  required  to  overcome  the  resistance 
is  equal  to  the  resistance. 

The  opposing  forces  are  usually  constant,  or  nearly  so. 
Taking  the  opposing  forces  into  account,  the  actual  force 
required  to  accelerate  a  body  meeting  with  resistance  will 
be  the  sum  of  the  accelerating  force  and  the  opposing  forces. 

Illustration. — Imagine  a  weight  of  321.6  pounds  to  be  lying  on  a 
smooth  plane  surface.  Assume  that  it  has  been  determined  experi- 
mentally that  a  force  of  100  pounds  is  required  to  be  exerted  con- 
tinually to  overcome  the  friction  between  the  weight  and  the  surface. 
What  force  will  be  required  to  produce  an  acceleration  of  2  feet  per 
second  ? 

By  rule  6,  the  accelerating  force  is   ^^  '    x  2  =  20  pounds.     As  a 

o«.  10 

force  of  100  pounds  must  be  exerted  continually  to  overcome  the  resist- 
ance due  to  friction,  a  force  of  100  -|-  20  =  120  pounds  will  be  required 
to  produce  the  required  acceleration. 

63.  The  question  is  often  asked,  what  force  is  required 
to  start  a  flywheel  and  keep  it  going  at  a  stated  number  of 
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revolutions  per  minute  ?  This  question,  or  similar  questions, 
cannot  be  answered  without  knowing  the  time  in  which  the 
flywheel  is  to  attain  the  given  speed.  An  accelerating 
force  depending  on  the  mass  of  the  wheel,  its  diameter,  the 
distribution  of  the  material  of  which  it  is  made,  the  time  of 
acceleration,  and  the  constant  resistances,  is  required  to 
bring  the  wheel  up  to  its  speed.  When  this  speed  has  been 
attained,  the  force  required  to  keep  it  going  will  be  that 
required  to  overcome  the  frictional  and  air  resistances. 


MOMENTUM. 

66.  Experience  teaches  us  that  the  same  force  acting 
upon  bodies  of  different  weights  produces  different  effects. 
For  example,  if  a  given  force  imparts  a  velocity  of  10  feet 
per  second  in  a  certain  time  to  a  body  weighing  1  pound,  we 
know  from  experience  and  observation  that  it  cannot  impart 
the  same  velocity  in  the  same  time  when  acting  upon  a  body 
weighing  1,000  pounds. 

Scientists  have  shown  that  the  velocity  imparted  to  a  body 
in  a  given  time  by  a  force  varies  directly  as  the  force  and 
inversely  as  the  mass  of  the  body.  Hence,  forces  may  be 
compared  with  one  another  by  comparing  tlieir  effects  in 
imparting  velocities  to  bodies  whose  masses  are  known. 

67.  The  product  obtained  by  multiplying  the  mass  of  a 
body  by  its  velocity  in  feet  per  second  is  called  the  monien- 
tum  of  the  body;  it  represents  the  magnitude  of  the  force 
that  will  produce  the  given  velocity  in  the  body  in  1  second. 
Hence,  we  may  call  momentum  the  time  eflTect  of  a  force. 

68.  According  to  the  third  law  of  motion,  action  and 
reaction  are  equal  to  each  other.  Consequently,  if  the 
force  required  to  produce  a  stated  momentum  in  a  given 
time  is  known,  it  is  likewise  known  what  force  is  required  to 
destroy  this  momentum,  or  to  bring  the  body  to  rest,  in  an 
equal  period  of  time. 

When  a  liquid  body  is  flowing  in  a  stream,  as  from  a 
nozzle,  the  weight  to  be  considered  in  problems  involving 
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momentum  is  the  weight  of  the  liquid  discharged  in  1  second. 
For  example,  let  it  be  required  to  estimate  the  force  with 
which  a  man  must  hold  the  nozzle  of  a  fire  hose  to  prevent 
its  slipping  through  his  hands  when  a  stream  of  water  issues 
from  it  with  a  velocity  of  20  feet  per  second, the  area  of  the 
opening  in  the  nozzle  being  1  square  inch  and  the  weight  of 
a  cubic  inch  of  water  .0301  pound.  The  volume  of  water 
discharged  in  1  second  is  1  x  12  x  20  =  240  cubic  inches, 
and  since  the  weight  of  1  cubic  inch  is  .0361  pound,  the 
weight  discharged  per  second  is  240  X  .0301  =  8.004  pounds. 

The  momentum  of  the  stream  is    '        x  20  =  5.38  pounds. 

o<i.  lb 

This  is  the  constant  force  required  to  give  a  body  of  water 

weighing  8.604  pounds  a  velocity  of  20  feet  per  second,  in 

1  second ;  it  also   represents  the  magnitude  of  the  reaction 

on  the  nozzle,  and  the  man  must  hold  the  nozzle  with  a  force 

equal  to  the  reaction,  or  5.38  pounds,  in  order  to  prevent  its 

slipping  through  his  hands. 


WORK,  POWER,  AND  ENERGY. 


WORK. 

69.  AVork  is  the  overcoming  of  resistance  continually 
occurring  along  the  path  of  motion. 

Motion  in  itself  is  not  work ;  a  force  must  overcome  a 
resistance  in  order  that  work  may  be  done. 

70.  Unit  of  AVork. — The  unit  by  which  the  work  done 
by  a  force  is  measured  is  the  work  done  in  overcoming  a 
resistance  of  1  pound  through  a  space  of  1  foot;  this  unit  is 
called  a  foot-pound.  According  to  the  definition,  it  may 
be  considered  as  the  force  required  to  raise  1  pound  1  foot 
vertically.     All  work  is  measured  by  this  standard. 

A  horse  going  up  a  hill  does  an  amount  of  work  equal  to 
its  own  weight,  plus  the  weight  of  the  wagon  and  its  con- 
tents, plus  the  f  rictional  resistances  reduced  to  an  equivalent 
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weight,  multiplied  by  the  vertical  height  of  the  hill.  Thus, 
if  the  horse  weighs  1,200  pounds,  the  wagon  and  contents 
1,200  pounds,  and  the  f fictional  resistances  equal  400  pounds, 
then  if  the  vertical  height  of  the  hill  is  100  feet,  the  work 
done  is  equal  to  (1,200  +  1,200+400)  X  100  =  280,000  foot- 
pounds. 

Ilulc  C. — /;/  all  cases  the  force  {or  resisfafice)  multiplied 
by  the  distance  through  which  it  acts  equals  the  work.  If  a 
7ceight  is  raised^  the  weight  multiplied  by  the  vertical  height 
of  the  It  ft  equals  the  work. 

71,  The  total  amount  of  work  done  in  overcominji^  a 
given  resistance  through  a  given  distance  is  independent  of 
time;  that  is,  it  is  immaterial  whether  it  takes  1  minute  or 
1  year  in  which  to  do  it;  but  in  order  to  compare  the  rate 
at  which  work  is  done  by  different  machines  with  a  common 
standard,  time  must  be  considered.  If  one  machine  docs  a 
certain  amount  of  work  in  10  minutes  and  another  machine 
does  exactly  the  same  amount  of  work  in  5  minutes,  the 
second  machine  can  do  twice  as  much  work  as  the  first  in 
an  equal  period  of  time. 


POWEK. 

73,  Power  is  a  term  used  to  denote  the  rate  at  which 
work  is  done. 

73,  The  common  unit  used  for  expressinj^:  the  rale  at 
which  work  is  done  is  the  horsepower. 

One  horsepower  is  33,000  foot-pounds  of  work  per  niinutc; 
in  other  words,  it  is  33,000  pounds  raised  vertically  1  t"o«>t  in 
1  minute,  or  1  pound  raised  vertically  :j:^()()0  firct  in  1  min- 
ute, or  any  combination  that  will,  when  multiplied  toj^^elher, 
give  33,000  foot-pounds  in  1  minute.  Thus,  the  work  done 
in  raising  110  pounds  vertically  5  feet  in  1  second  is  a 
liorsepower;  for,  since  in  1  minute  there  are  r.o  seconds, 
110  X  5  X  60  =  33,000  foot-pounds  in  1  minute. 

Example. — In  a  steam  eiiKim;  the  forci:  iniiH-llinj^  the  pislmi  for- 
wards and  backwards  is    10,(H)O  pounds.     This   force   overcomes   the 
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resistance  due  to  the  load  at  the  rate  of  600  feet  per  minute ;  that  is,  it 
moves  the  piston  back  and  forth  at  that  rate.  What  is  the  horsepower 
of  the  engine  ? 

Solution.— According  to  rule  C,  the  work  done  is  10,000  x  600 
=  6,000,000  foot-pounds  per  minute.  Then,  as  33,000  foot-pounds  per 
minute  represent  a  horsepower,  the  horsepower  of  the  engine  is 
6,000.000  -s-  33,000  =  181.818.     Ans. 


EITBBGT. 

74.  Energry  is  a  term  used  to  express  the  ability  of  an 
agent  to  do  work. 

76.  Kinetic  Energry. — If  we  have  a  body  at  rest,  a  cer- 
tain amount  of  force  must  be  exerted  and  a  certain  amount 
of  work  must  be  done  to  set  it  in  motion.  A  part  of  this 
force  will  be  required  to  overcome  those  resistances  outside 
of  the  body,  such  as  friction  and  the  resistance  of  the  air, 
that  oppose  the  motion  of  all  bodies  with  which  we  have  to 
do ;  another  part  acts  to  overcome  the  inertia  of  the  body, 
to  start  it  from  its  state  of  rest,  and  give  it  motion  (see 
Newton's  first  law).  The  force  that  overcomes  the  resist- 
ance due  to  the  inertia  of  the  body  does  work,  and  the  work 
so  performed  is  stored  in  the  body;  in  being  brought  to 
rest,  the  body  is  capable  of  overcoming  a  resistance  and 
of  doing  an  amount  of  work  exactly  equal  to  the  work 
expended  in  giving  it  motion.  The  ability  that  the  moving 
body  has  to  do  work  while  being  brought  to  rest  is  called 
the  kinetic  energy  of  the  body. 

76.     Rule   for    the   Energ^y   of  a   Moving^   Body. — 

Let  a'=  weight  of  body  in  pounds; 

t'  =  its  velocity  in  feet  per  second ; 
£  =  kinetic  energy  in  foot-p)ounds. 

Then,  the  kinetic  energy  of  a  moving  body  may  be  found 
as  follows: 

Rule  7. — Multiply  the  weight  of  the  body  by  the  square 
of  its  velocity  and  divide  the  product  by  twice  the  acceleration 
due  to  the  force  of  gravity. 
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Or,  £  = 


Thus,  if  a  weight  is  raised  a  certain  height,  an  amount 
of  work  is  done  equal  to  the  product  of  the  weight  and  the 
vertical  height.  If  a  weight  is  suspended  at  a  certain 
height  and  allowed  to  fall,  it  will  do  the  same  amount  of 
work  in  foot-pounds  that  was  required  to  raise  the  weight  to 
the  height  through  which  it  fell. 

Example  1. — If  a  body  weighing  25  pounds  falls  from  a  height  of 
100  feet,  how  much  work  can  it  do  ? 

Solution.— Work  =  a^  ^  =  25  X  100  =  2,500  f t.-lb.     Ans. 

It  requires  the  same  amount  of  work  or  energy  to  stop  a 
body  in  motion  within  a  certain  time  as  it  does  to  give  it 
that  velocity  in  the  same  length  of  time. 

Example  2. — A  body  weighing  50  pounds  has  a  veh)city  of  100  feet 
per  second ;  what  is  its  kinetic  energy  ? 

e  „.     ^.  W7'^      50xl(K)«      , ,,.,3.     ,. 

Solution.— Kinetic  energy  =  -^^  -r-  =     ^-y,^—  =  7,7<;MW  ft. -lb. 

Ans. 

Example  3. — In  the  last  example,  how  many  horsepower  will  be 
required  to  give  the  body  this  amount  of  kinetic  energy  in  '.\  seconds  ? 

S<^)LUTioN. —    1  horsepower  =  33,000  jwunds  raised  1  foot  in  1  minute. 
If  7,773.63  foot-pounds  of  work  are  done  in  3  seconds,  in  1  second 

there  will  be  done    *     * ' —  =  2,591.21  foot-pounds  of  work.     1   horse- 

o 

power  =  33,000  foot-pounds  per  minute  =  33,(XM)  h-  (>o  —  TmO  fool -pounds 

per  second. 

The  number  of  horsepower  required  will  be 

— ■.■...      =4. « 113  11.  P.     Ans. 
550 

77.  Potential  enorjcy  is  latent  cncri^y;  it  is  tJic  rfir;xy 
that  a  body  at  rest  is  capable  of  givin^i^  out  utuhr  eertain 
conditions. 

If  a  stone  is  suspended  by  a  string  from  a  high  tower,  it 
has  potential  energy.  If  the  string  is  cut,  the  stone  will  fall 
to  the  ground,  and  during  its  fall  its  potential  energy  will 
change  into  kinetic  energy,  so  that  at  the  instant  it  strikes 
the  ground  its  potential  energy  is  wholly  changed  into  kinetic 
energy 


24  PRINCIPLES  OF  MECHANICS.  §  4 

At  a  point  equal  to  one-half  the  height  of  the  fall,  the 
potential  and  kinetic  energies  are  equal.  At  the  end  of 
the  first  quarter  the  potential  energy  is  three-fourths  and 
the  kinetic  energy  one-fourth;  at  the  end  of  the  third 
quarter  the  potential  energy  is  one-fourth  and  the  kinetic 
energy  three-fourths. 

A  pound  of  coal  has  a  certain  amount  of  p)otential  energy. 
When  the  coal  is  burned,  the  potential  energy  is  liberated 
and  changed  into  kinetic  energy  in  the  form  of  heat.  The 
kinetic  energy  of  the  heat  changes  water  into  steam,  which 
thus  has  a  certain  amount  of  potential  energy.  The  steam 
acting  on  the  piston  of  an  engine  causes  it  to  move  through 
a  certain  space,  thus  overcoming  a  resistance,  changing  the 
potential  energy  of  the  steam  into  kinetic  energy,  and  thus 
doing  work. 

Potential  energy,  then^  is  the  energy  stored  within  a  body 
that  may  be  liberated  and  produce  motion^  thus  generating 
kinetic  energy  and  enabling  work  to  be  done, 

78,  The  principle  of  conservation  of  energry  teaches 
that  energy,  like  matter,  can  never  be  destroyed.  If  a 
clock  is  put  in  motion,  the  potential  energy  of  the  spring  is 
changed  into  kinetic  energy  of  motion,  which  turns  the 
wheels,  thus  producing  friction. 

The  friction  produces  heat,  which  dissipates  into  the  sur- 
rounding air,  but  still  the  energy  is  not  destroyed — it  merely 
exists  in  another  form. 

79.  Work   of  Acceleration  and   Retardation.  —  The 

theoretical  amount  of  work  that  must  be  done  in  order  to 
start  a  body  from  a  state  of  rest  and  accelerate  it  until  it 
reaches  a  given  velocity  is  equal  to  the  kinetic  energy  of 
the  body  at  the  given  velocity.  Likewise,  the  theoretical 
amount  of  work  that  must  be  done  on  a  moving  body  to 
retard  it  and  finally  bring  it  to  rest  is  equal  to  the  kinetic 
energy  the  moving  body  possessed  at  the  moment  retarda- 
tion began.  The  work  that  must  be  done  in  changing  the 
velocity  of  a  body  is  equal  to  the  difference  in  the  kinetic 
energies  at  the  initial  and  final  velocities.     Since  the  motion 
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of  all  bodies  is. opposed  by  some  resisting  force  or  forces,  the 
actual  amount  of  work  required  to  give  a  body  the  given 
velocity  will  be  the  sum  of  the  work  of  acceleration  and  the 
work  required  to  overcome  the  outside  resisting  forces. 

Example  1. — A  body  weighing  1,00()  ixninds  is  started  from  rest 
and  is  to  attain  a  velocity  of  88  feet  per  second  in  2  minutes,  passinj^ 
over  a  distance  of  5,280  feet  in  that  time.  If  a  constant  force  of 
V20  pounds  must  be  exerted  to  overcome  the  frictional  resistances. 
what  work  must  be  done  ? 

SoiA'Tiox. — According  to  this  article,  the  work  required  to  accelerate 

1  0()0  X  88^ 
the  Ixidy  is  -^—^-*m       =  120,398  f<K)t-pounds.     As  a  constant  force  of 

120  pounds  must  act  through  a  distance  of  5,280  feet  to  overcr>me  the 
frictional  resistances,  the  work  done  in  overcoming  friction  is  5/2X0 
X  120  =  633,600  f(x>t-pounds.  Then,  the  total  amount  of  work  done  is 
120.398  +  633.600  =  753,998  ft. -lb.     Ans. 

Example  2. — What  horsepower  will  be  required  to  do  the  work  <  al- 
culated  in  the  last  example  ? 

Solution. — As  the  work  is  done  in  2  minutes,  the  horsepower  is 
753.998 


2  X  33,000 


=  11.424  H.  P..  nearly.     Ans. 


FORCE  OF  A  BLOW. 

80.  The  questions  arc  frequently  asked,  willi  what  force 
will  a  falling  hammer  strike,  or  with  what  force  will  a  pro- 
jectile fired  from  a  gun  strike  an  object  ?  These  (jiiestions 
cannot  be  answered  directly,  as  they  are  i)ase(l  on  a  miscon- 
ception. A  moving  body  possesses  kinetic  energy,  <»r  ahilily 
to  do  work,  which  ability  can  only  be  ex|)resse(]  in  foot- 
pounds, but  not  in  pounds  of  fort  e,  sinie  the  work  done  by 
the  hammer  or  projectile  in  cominjj:  to  rest  is  not  a  manifes- 
tation of  force,  but  of  energy. 

Work  is  the  product  of  force  into  distance;  lience,  if  the 
amount  of  work  a  body  has  done  or  is  capable  of  doinj^  is 
known,  the  force  can  be  determined  for  each  laseif.  l)ysome 
means,  it  is  possible  to  determine  exactly  the  distance  in 
which  the  work  is  done.  This  distance  depends  on  vari- 
ous resistances,  such  as  that  dnc  to  movinjjf  the  ol)ject 
struck,  the  resistance  to  penetration,  friction,  the  resistance 
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to  shearing  or  deformation  of  the  body.  etc.  The  distance 
through  which  these  resisting  forces  act  is  generally  inde- 
terminate, and  since  the  average  of  the  resisting  forces 
varies  generally  with  the  distance,  this  average  resisting 
force  is  also  indeterminate;  hence,  the  force  that,  acting 
through  a  distance,  will  absorb  all  the  kinetic  energy  of  the 
hammer  or  projectile  cannot  be  determined  for  the  practical 
reasons  given. 

COMPOSITION  AND  RESOLUTION  OF  FORCES. 

81.  According  to  Art.  44,  in  order  that  forces  may  be 
compared  with  one  another,  three  conditions  must  be  ful- 
filled.    These  conditions  may  all  be  repre- 

^  sented  by  a  line ;  hence,  we  may  represent 

^^-  *•  forces  by  lines.     Thus,  in  Fig.  2,  let  A  be 

the  point  of  application  of  the  force,  let  the  length  of  the 
line  A  B  represent  its  magnitude,  and  let  the  arrowhead 
indicate  the  direction  in  which  the  force  acts;  then,  the 
line  A  B  fulfils  the  three  conditions  and  the  force  is  fully 
represented. 

COMPOSITION  OF  FORCES. 

82,  When  two  or  more  forces  act  upon  a  body  at  the 
same  time  along  lines  that  meet  in  a  common  point,  their 
combined  effect  on  the  body  may  be  obtained  by  an  applica- 
tion of  the  principle  of  the  triangle  of  forces. 

In  Fig.  3  {a),  let  A  and  B  be  two  forces  having  the  mag- 
nitudes and  directions  represented  by  the  two  lines.     To  find 

.^ 

a 


the  effect  due  to  the  combined  action  of  thece  two  forces, 
draw  in  any  convenient  location  a  line  parallel  to  either  of  the 


§  4  PRINCIPLES  OF  MECHANICS.  27 

lines  representing  the  two  forces,  making  it  equal  in  length, 
to  some  scale,  to  the  magnitude  of  the  force.  Mark  upon 
it  an  arrowhead  pointing  in  the  same  direction  as  the  arrow- 
head on  the  line  representing  the  force.  Then,  from  one 
extremity  of  the  line  just  drawn  draw  a  line  parallel  to  the 
line  representing  the  second  force  and  equal  in  length,  to  the 
same  scale,  to  the  magnitude  of  the  second  force,  and  mark 
the  arrowhead  upon  it.  It  is  essential  that  the  second  line* 
be  so  drawn  that  when  passing  over  the  two  lines  with  a 
pencil,  commencing  at  the  beginning  of  either  force,  the 
arrowheads  will  both  |>oint  in  the  same  direction  in  reference 
to  the  direction  of  motion  of  the  pencil. 

The  second  line  may  be  drawn  from  either  end  of  the  first 
line,  but  its  direction  must  be  made  to  fulfil  the  above  abso- 
lutely essential  condition.  Thus,  in  Fig.  3  (A),  the  line  />' 
has  been  drawn  from  the  right-hand  extremity  of  W.  Start- 
ing at  a  with  a  pencil  and  moving  toward  d,  the  pencil  will 
move  in  the  direction  in  which  the  arrowhead  on  A'  points. 
Passing  over  B'  from  6  to  c,  the  pencil  will  move  in  the 
direction  in  which  the  arrowhead  on  />'  points;  we  thus  see 
that  the  lines  are  drawn  correctly  in  reference  to  each  other. 

In  Fig.  3  (c),  the  line  ^'has  been  drawn  from  the  left-hand 
extremity  of  A',  Starting  at  c  and  following  up  the  lines, 
it  is  seen  that  in  this  case  the  arrowheads  both  point  in  the 
same  direction  relative  to  the  direction  of  motion  of  the 
pencil,  thus  showing  the  lines  to  be  located  correctly. 

The  two  lines  having  been  drawn,  complete  the  triangle 
by  drawing  the  line  C,  This  line,  called  the  resultant, 
represents  the  combined  effect  of  the  two  forces;  it  j^ives 
the  direction  along  which  the  two  forces  will  act  when  com- 
bined. The  magnitude  of  their  combined  effect  is  found  by 
measuring  this  line  by  the  scale  with  which  .  i'  and  />'  were 
laid  off.  The  resultant  will  always  have  a  direction  o])posite 
in  sense  to  that  of  the  forces;  that  is,  if  we  j)ass  a  pencil 
around  the  triangle  in  the  direction  in  which  the  arrowheads 
on  the  lines  A'  and  -5' point,  the  arrowhead  on  C\  represent- 
ing the  direction  of  action  of  the  resultant,  must  point  in  a 
direction  opjwsite  to  that  in  which  the  pencil  moves. 
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83w  la  practice  it  is  otcen  desired  t-)  find  not  only  the 
ma^itude  and  direction,  bat  also  the  ottiuil  Ltiicicn  of  the 
resuliaKt.  the  magnitudes  and  lines  of  action  ot'  the  two 
forces  being  fcntjwn.  (By  locati'>n  of  the  forces  and  result- 
ant is  meant  the  I<x:ation  of  the  lines  along  which  the  f'lrces 
actually  act.)  This  can  readily  be  done  by  producing  the 
lines  giving  the  I-xration  of  the  forces  until  they  meet  and 
then  drawing  the  triangle  of  forces  with  their  point  of 
intersection  as  the  starting  point- 

Illcstkatio-i.— In  Fig.  4  is  shown  a  bead-fnune  erected  at  the 
month  of  a  deep,  vertical  shaft.     The  hoisting  rope  that  leads  lo  the 


«••!•  2'f«00  (ft 


FtC.  4. 

hoisling  onKinc  passfs  aver  a  sheave  at  the  top  of  the  head-frame.  A 
weight  lA  l,."i(M)  pounds  hangs  at  the  end  of  the  rope.  Neglecting  the 
HffiKht  rif  the  rripe  and  sheave,  what  is  the  total  pressure  on  the  bear- 
ings of  the  sheave  ? 

According  to  Art.  51,  the  stress  in  both  parts  of  the  hoisting  rope 
is   l.-VH)  pounds.     The   jiart   .(  //  <if  the   rope   supports   the  weight; 
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consequently,  the  force  acting  along  A  B  is  downwards.  The  force 
acting  aU»ng  CD  is  the  pull  exerted  by  the  engine  and  is  toward  the 
engine.  To  find  the  resultant  of  these  two  forces,  draw  the  triangle  of 
forces.  Choosing  a  scale  of  1  inch  per  1,000  pounds,  draw  the  line  K  F 
parallel  to  C />,  making  it  jjUJ  =  15  inches  long.  Frr>m  /''draw  FG 
j>arallel  to  .-/  /?  and  \\%%  =  1.5  inches  long.  Join  /Tand  (7;  then  F  C? 
will  be  the  resultant  whose  magnitude  is  measured  by  the  same  s<-ale. 
Measuring  A' (7,  it  is  found  to  be  2.75  inches  long.  As  each  inch  repre- 
sc^nts  1,0<H)  pounds,  the  magnitude  of  the  resultant  is  2.75  X  1,<W)0 
—  2,750  pounds. 

To  find  the  actual  l<x:ation  of  the  resultant  in  reference  to  ./  />* 
and  CD,  produce  both  lines,  as  shown  in  dotted  lines,  until  they 
intej-sect  at  FS'.  Starting  the  triangle  of  forces  at  /:',  lay  off  F'  F' 
=  1.5  inches.  From  F'  draw  ^'  ^'  =  1.5  inches  and  parallel  to  A  />*. 
Join  F'  G'.  Ujjon  measurement  it  is  found  to  be  2.750  pounds.  As 
inspection  shows  that  the  resultant  passes  through  the  center  of  the 
bearings,  the  total  pressure  on  the  bearingrs  is  2,750  pounds.     Ans. 


RKSOLUTIOX  OF  FORCES. 

84,  Since  two  forces  can  be  combined  to  form  a  single 
resultant  force,  we  may  also  treat  a  single  force  as  if  it  were 
the  resultant  of  two  forces 
whose  action  upon  a  body 
will  be  the  same  as  that  of 
a  single  force.  Thus,  in 
Fig.  5,  the  force  O  A  may 
be  resolved  into  two  forces 
O  />  and  B  A.  If  the  force 
O  A  acts  upon  a  body 
moving  or  at  rest  upon  a 
horizontal  plane,  and  the  resolved  force  O  />*  is  vertical 
and  B  A  horizontal,  OB,  measured  to  the  same  scale  as  0 .1, 
is  the  magnitude  of  that  part  of  O  A  that  j)ushi:s  the  body 
doivnwardSy  while  B  A  \&  the  magnitude  of  that  part  of  the 
force  O  A  that  is  exerted  in  pushing  the  body  in  a  horizontal 
direction.  C^-^and  B  A  are  called  the  coiiipononts  of  the 
force  O A^  and  when  these  components  are  vertical  and 
horizontal,  as  in  the  present  case,  they  are  called  the  verti- 
cal component  and  the  horizontal  co)nponcnt  of  the  force  O  A, 


V\i\. 
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JML  Ir  fr^uentLv  Tapoens  that  the  p^jatioii,  magnitude, 
and  -iir^jn*:!!  :z  a  :ertain  force  is  knowiu  and  that  it  is 
liesLTeti  z.}  kii«:w  the  e^cM:t  it  ihe  force  in  S43nie  direction 
other  than  ihar  in  -yhion  it  acts.  TTras,  in  Fis^.  5.  suppose 
that  •_'  A  represents,  to  St^cne  scale,  the  magnitude,  direction, 
and  line  if  actit^n  f  a  f-.^rce  acting  api>n  a  txxiy  at  A,  and 
that  it  is  'iesinid  t :  kn«:w  what  eiect  O  A  pn^duces  in  the 
direction  S  A.  X 'w  5"  A^  instead  of  being  horizontal,  as  in 
the  ag:ire.  3iay  have  anv  direction.  To  find  the  value  of 
the  ci*'mD«'c.er.t  it  l"  A  which  acts  in  the  direction  B  A^  we 
use  the  v/Cj'.wirjz  r:ile: 

Kale  S. — F^j'n  jm  extremity  of  tkeltKe  representing  the 
riren  ^'j^ce,  irrz:  j  Jr^te  parallel  to  the  direction  in  Tvhieh 
;/  is  desire JL  zUat  :'u  cj^ffcfwrnt  shall  act :  from  the  other 
extremirj  e/  t'u  J^en  fjree,  drerL'  a  line  perpendicular  to  the 
ccmpcnent  jirst  driizjn^  and  intersecting  it.  The  length  of 
the  ecmpcnent,  metisured  from,  the  point  of  intersection  to  the 
interseeticn  of  the  component  -seith  the  given  force^  'u.'ill  be 
the  magnitude  of  tke  efFect  produced  br  the  given  force  in  the 
required  direction. 

Thus,  suppii'se  O  A,  Fig.  5.  represents  a  force  acting 
up»'jn  a  b«"iy  resting  upon  a  horizontal  plane,  and  it  is 
desirei  t- »  kn'«w  what  zercLal pressure  O  A  produces  on  the 
\yAy.  Here  the  desired  directi«>n  is  vertical:  hence,  from 
one  extremity,  as  O,  draw  OB  parallel  to  the  desired  direc- 
tion <vf:rtical  in  this  case>.  and  from  the  other  extremity 
draw  A  11  perpendicular  to  OB  and  intersecting  O B  3X  B, 
Then  O  r>,  when  measured  to  the  same  scale  as  O  A^  will  be 
the  value  of  the  vertical  pressure  produced  by  O A. 

8f>.  Taniict'ntial  Pressure. — One  of  the  most  familiar 
applications  of  the  principle  of  the  resolution  of  forces 
oc':urrin^  in  steam  engineering  is  the  case  of  the  connecting- 
rofl  and  f:rank.  When  the  piston  is  at  the  end  of  its  stroke 
anrl  the  rrankpin  is  in  a  line  drawn  through  the  center  of 
the  (  ylinrlcr  and  crank-shaft,  a  p<3sition  that  is  expressed  by 
saying  th<;  (*ngine  is  **on  the  center,"  the  pressure  of  the 
( onnrcting-rod  on  the  crankpin  acts  directly  against  the 


exerts  a  pressure  on  the  bearings  uf  the  shaft;  the  other 
component  acts  along  the  line  A  B  3,1  right  angles  to  the 
center  line  PO  and  tangent  to  the  circle  described  liy  the 
crankpin.  This  is  the  force  that  tends  to  turn  the  crank 
and  is  called  the  tatiKentlal  pressure  on  the  crankpin. 
AVhen  the  crank  is  on  the  center,  there  is  no  tangential 
pressure  on  the  pin  and  no  tendency  to  turn  the  crank, 
The  tangential  pressure  gradually  increases  as  the  pin  leaves 
the  center  and  becomes  greatest  at  the  point  where  the  con- 
necting-rod and  crank  are  at  right  anyles  to  each  other;  it 
then  decreases  until  the  next  center  is  reached.  At  the 
position  where  the  connecting-rod  and  crank  are  at  right 
angles  to  each  other,  the  tangential  pressure  on  the  pin  is 
equal  to  the  total  pressure  exerted  on  it  by  the  connecting- 
rod,  atKl  there  is  no  component  in  the  direction  of  the  center 
line  PO  of  the  crank. 
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Example. — If  a  force  of  3,000  pounds  acts  along  the  connecting-rod  a 
in  the  direction  of  the  arrow  (see  Fig.  6),  what  is  the  tangential  pres- 
sure on  the  crankpin  ? 

Solution. — As  the  tangential  pressure  is  the  pressure  perpendicu- 
lar to  the  crank,  draw  A  B  through  the  crankpin  center  at  right 
angles  to  the  center  line  of  the  crank ;  A  B  then  represents  the  line 
along  which  the  tangential  pressure  acts.  Then,  in  any  convenient 
location,  draw  CD  parallel  to  the  connecting-rod.  Choosing  a  scale  of 
2.000  pounds  =  1  inch,  make  the  line  CD  3.000  ^  2.000  =  \\  inches 
long.  From  D  draw  an  indefinite  line  D  E  parallel  to  A  7?,  and 
draw  CE  perpendicular  to  D  E.  Now  ED,  measured  to  the  scale 
adopted,  will  be  the  magnitude  of  the  tangential  pressure  for  the  posi- 
tion of  the  crank  and  connecting-rod  shown  in  the  figure.  Upon 
measurement,  it  is  found  to  be  1.3  inches  long.  Then  1.3  X  2,000 
=  2,600  lb.,  the  tangential  pressure.     Ans. 

87,  When  the  total  pressure  on  the  piston  rod  of  a  steam 
engine  is  known,  the  force  acting  along  the  connecting-nxi 
and  the  force  acting  up)on  the  guides  can  be  determined  by 
the  following  application  of  the  principle  of  the  resolution 
of  force : 

Draw  a  line,  as  A  B,  Fig.  7,  parallel  to  the  line  of  motion 
of  the  crosshead  a.     Make  its  length,  to  some  scale,  equal  in 


Fig.  7. 


magnitude  to  the  force  impelling  the  piston.  From  one 
extremity  of  A  B  draw  a  line  B  C  parallel  to  the  center  line 
of  the  connecting-rod  b.  From  the  other  extremity  oi  A  B 
draw  a  line  at  a  right  angle  to  A  B,  producing  it  until  it 
intersects  the  line  B  C  at  D.  Then,  B  D  represents  the  force 
acting  along  the  connecting-rod  and  A  D  represents  the 
force  acting  upon  the  guides. 
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FRICTION. 

88.  Friction  is  the  resistance  that  a  body  meets  with 
from  the  surface  up)on  which  it  moves. 

89.  The  ratio  between  the  resistance  to  the  motion  of  a 
body  due  to  friction  and  th^  perpendicular  pressure  between 
the  surfaces  is  called  the  coefficient  of  friction. 

If  a  weight  IK,  as  in  Fig.  8,  rests  upon  a  horizontal  plane, 
and  has  a  cord  fastened  to  it  passing  over  a  pulley  a^  from 
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Fig.  8. 


which  a  weight  Pis  suspended,  then,  if  P  is  just   sufficient 

to  start  \l\  the  ratio  of  7-*  to  \\\  or  ...,  is  the  coctVicicnt  ot 

friction  between    [Fand  the  surface   it  sh'des  upon.      The 

weight  [F  is  the  perpendicular  pressure,  and  /'is  llu-  force 

necessary  to  overcome  the  resistance  to  the   motion  of  /(' 

due  to  friction.     If  [F  =  100  pounds  and  P—  lo  pounds,  the 

P 
coefficient  of  friction  for  this  particular  case  would  be      , 

=  '*^=  1 

100 

DO.     Laws  of  Friction. — 

1.  Friction   is  directly  proportional  to   the  perpendicular 
pressure  betivcen  the  tn'o  surfaces  in  contact. 

2.  Friction  is  independent  of  the  extent  of  the  surfaces  in 
contact  when  the  total  perpendicular  pressure  remains  the  same. 

3.  Friction  increases  with  the  roui^hness  of  the  surfaces. 

4.  Friction  is  /greater  Ifctzceen  surfaces  of  the  same  mate- 
rial than  between  those  of  different  materials. 
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6.     Friction  is  greatest  at  the  beginmng  of  motion. 

6.  Friction  is  greater  between  soft  bodies  than  between 
Jiard  ones. 

7.  Roiling  friction  is  less  titan  sliding  friction. 

8.  Friction  is  diminisheii  by  polishing  or  lubricating  the 
surfaces. 

91.  Law  1  shuws  why  Che  friclum  is  so  much  greater  on 
journals  after  they  begin  to  heat  than  before.  The  heat 
causes  the  journal  to  expand,  thus  increasing  the  pressure 
between  the  journal  and  its  bearing,  and,  consequently, 
increasing  the  friction. 

Law  2  states  that,  nu  matter  how  small  may  be  the  sur- 
face that  presses  against  another,  if  the  perpendicular  pres- 
sure is  the  same  the  friction  will  be  the  same.  Therefore, 
large  surfaces  are  used  whert  possible,  not  to  reduce  the 
friction,  but  to  reduce  the  wear  and  diminish  the  liability  of 
heating. 

For  instance,  if  the  perpendicular  pressure  between  a 
journal  and  its  bearing  is  10,000  pounds,  and  the  coefficient 
of  friction  is  .%,  the  amount  of  friction  is  10,000  X  .2 
=  3,000  pounds.  Suppose  that  the  area  receiving  the  pres- 
sure is  JSO  square  inches,  then  the  amount  of  friction  for 
each  square  inch  is  2,000  ~  SO  =  25  pounds. 

If  the  area  receiving  the  pressure  had  been  1(10  square 
inches,  the  friction  would  have  been  the  same,  that  is,  2,000 
pounds;  but  the  friction  per  square  inch  would  have  been 
2,000  -;-  160  =  124  pounds,  just  one-half  as  much  as  before, 
and  the  wear  and  liability  to  heat  would  he  one-half  as 
great  also. 

9SJ.  The  values  of  the  coefficient  of  friction  given  in  the 
following  tables  are  average  values  determined  by  General 
Morin,  many  years  ago.  Under  certain  conditions  the 
coefficient  may  be  considerably  less  than  is  given  in  the 
tables;  it  varies  greatly,  but  the  variation  depends  on  so 
many  conditions  and  the  numerous  experiments  that  have 
been  made  have  given  such  contradictory  results  that  no 
definite  rules  have  yet  been  derived  for  determining  the 
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exact  values  under  anv  condition.  The  student  is,  there- 
fore,  advised  to  use  the  vahies  given  in  the  tables,  except 
where  careful  experiments  have  been  made  that  give  relia- 
ble values  for  the  particular  case  under  consideration.  To 
find  the  force,  in  pounds,  necessary  to  overcome  friction, 
the  coefficient  taken  from  the  table  is  multiplied  by  the 
perpendicular  pressure,  in  pounds,  on  the  surface  consid- 
ered. If  the  force  acts  at  an  angle  to  the  surface,  the 
perpendicular  force  can  be  found  by  resolving  the  given 
force  into  two  components,  one  perpendicular  and  the  other 
parallel  to  the  surface. 

TABL.E  I. 


COEFFICIENTS   OF   FRICTION    FOR    TISANE    SrRFACES. 

(Reduced  from  M.  Aforin's  Pata.^ 


Description  of  Surfaces 
in  Contact. 


Wrought  iron  on  cast  iron. 

Wrought  iron  on  bronze.. 

Cast  iron  on  cast  iron. . . . 

Cast  iron  on  bronze 

Bronze  on  bronze 

Bronze  on  cast  iron 

Bronze  on  wrought  iron.  . 

Cast  iron,  wrought  iron, 
steel,  and  bronze  sli- 
ding on  one  another 
or  sliding  on  them- 
selves. 

Cast  iron,  wrought  iron, 
steel,  and  bronze  sli- 
ding on  one  another  . 
or   sliding    on    them- 
selves. 


State  of  the  Surfaces. 

j  Coertkicnt 

of  Friction. 

Slightly  greasy 

•       .IS 

i 

1  Slightly  greasy 

'         .IS 

1 

'Slightly  greasy 

1         .1.") 

Slightly  greasy 

1         .  1 .') 

jDry 

.'-in 

Dry 

•       V     V 

Slightly  greasy 

.ii; 

Ordinary  lubrication 
I     with  lard,  tallow,  and 
oil 


I 

I/* 


Continuous  lubricalioii 


o;  -.OS 


.0,5 
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TABIiE  II. 


COBFFICrENTS   OF   FRICTIOX   FOB  JOITRXAL   FRICTIOX. 

{^Reduced  from  M.  Marines  Data.) 


Bearings. 

Lubricant. 

Coefficient  of  Friction. 

Jonrnals. 

Ordinary 
Lubrication. 

Continuous 
Lubrication. 

Cast  iron 

Cast  iron 

Wrought  iron 

Wrought  iron 

Wrought  iron 
Bronze 
Bronze 

Cast  iron 

Bronze 

Cast  iron 

Bronze 

Lignum  vitae 
Bronze 
Bronze 

Lard,  olive  oil, 
tallow 

Lard,  olive  oil, 
tallow 

Lard,  olive  oil, 
tallow 

Lard,  olive  oil, 
tallow 

Lard,  olive  oil 

Oil 

Lard 

.07-.08 
.07-.08 
.07-.08 

.07-.08 

.11 
.10 
.09 

.03-.054 
.0S-.054 
.03.-054 
.03-.054 

93.  In  the  case  of  a  weight  sliding  along  a  horizontal 
plane  surface,  the  pressure  is  equal  to  the  weight.  When 
the  surface  is  inclined,  the  weight  acts  vertically  down- 
wards, and  the  pressure  perpendicular  to  the  surface  can 
be  found  by  the  principle  of  the  resolution  of  forces.  In 
many  cases  the  pressure  on  the  surfaces  is  due  to  the  com- 
bined action  of  several  forces  that  must  be  combined  into 
one  common  resultant  force. 

94.  The  luork  that  must  be  done  in  overcoming  the 
resistance  of  friction  depends  on  the  distance  through  which 
the  resistance  is  overcome.  It  may  be  calculated  by  the 
following  rule: 

Rule  9. — Multiply  the  total  pressure  in  pounds  by  the  dis- 
tajice  in  feet  and  by  the  eoefficient  of  frictiofi. 


§  4  PRINCIPLES  OF  MECHANICS.  37 

Let  IV  =  work  in  foot-pounds; 

y  =  coefficient  of  friction ; 
y>  =  total  pressure  in  pounds ; 
d=  distance  in  feet. 

Then,  W^pdf, 

Example. — The  average  perpendicular  pressure  on  the  guide  of  a 
steam  engine  due  to  the  force  impelling  the  piston  is  2,500  pounds. 
The  pressure  due  to  the  weight  of  the  crosshead  and  connecting-rod 
is  400  pounds.  The  crosshead  moves  at  the  rate  of  500  feet  per  minute ; 
what  horsepower  is  required  to  overcome  the  friction  on  the  guides  ? 

Solution. — The  total  perpendicular  pressure  is  2,500  +  400  =  2,9<X) 
pounds.  Since  the  lubrication  is  usually  intermittent,  the  coefficient 
of  friction,  for  a  brass  slipper  working  on  a  cast-iron  guide,  may  be 
taken  as  .08.  The  resistance  being  overcome  through  a  distance 
of  500  feet  each  minute,  the  work  done  in  overcoming  friction  is 
2,900  X  500  X  .08  =  116,000  foot-pounds  per  minute.  Then,  the  horse- 
power is  116,000  -*-  88.000  =  3.52  H.  P..  nearly.     Ans. 

95.  In  the  case  of  a  shaft  rotating  in  a  bearing,  the  dis- 
tance through  which  friction  is  overcome  each  minute  is 
found  by  multiplying  the  circumference  of  the  journal  by 
the  number  of  revolutions  per  minute.  For  a  shaft,  or  any 
other  body  rotating  in  a  bearing,  the  force  required  to 
overcome  friction,  as  calculated  by  multiplying  the  pres- 
sure by  the  coefficient  of  friction,  is  the  force  that  must  be 
applied  at  the  surface  of  the  journal. 

96.  Allowable  Pressures. — It  has  been  found  by  expe- 
rience that  when  the  pressure  per  unit  of  area  exceeds  a 
certain  amount,  the  lubricant  will  be  forced  out  and  the 
bodies  rubbing  on  each  other  will  heat  and,  finally,  seize. 

The  pressures  that  can  safely  be  allowed  on  the  bearings 
of  steam  engines,  on  guides,  thrust  bearings,  crankpins, 
crosshead  pins,  etc.  vary  considerably,  being  dependent  to 
a  large  extent  on  the  character  of  the  workmanship,  the 
degree  of  finish,  the  variation  of  the  pressure,  the  character 
of  the  lubrication,  and  the  quality  of  the  lubricant.  With 
fair  workmanship,  the  following  pressures  per  scjuare  inch 
represent  average  practice  in  steam-engine  work: 
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TABIiE   III. 


PRESSURES  PER  SQUARE  IXCH  AI^LOWABLE  IX 

STEAM-ENGINE  WORK. 


Engine  Bearing. 

Slow-Speed 
Stationary  Engines. 

Pounds. 

High-Speed 

Stationary  and 

Marine    Engines. 

Pounds. 

Crankpins,  iron 

Crankpins,  steel 

WristDin 

800) 
1,200  [ 
1,200 
200 
100 

400  to  600 
600  to  800 

Main   bearings 

Guides 

200 
100 

Thrust  bearings 

60 

97.  For  crankpins,  wristpins,  and  guides,  the  allowable 
pressures  given  represent  the  pressures  corresponding  to  the 
maximum  load,  which  in  the  case  of  a  wristpin  and  crankpin 
occurs  when  the  crank,  connecting-rod,  and  piston  rod  are 
in  a  straight  line,  and  in  the  case  of  guides,  when  the  con- 
necting-rod and  crank  are  at  right  angles  to  each  other.  In 
the  case  of  pins  and  journals,  the  area  to  be  considered  in 
calculating  the  pressure  on  the  bearing  is  the  proJect^<l 
area,  which  is  found  by  multiplying  the  length  of  the 
journal  by  its  diameter. 


EXAMPLES   FOR   PRACTICE. 

1.  A  body  weighs  90  pounds;  what  is  its  mass  ?      Ans.  2.799,  nearly. 

2.  What  force  wiU  be  required  to  accelerate  a  body  at  the  rate  of 
2  feet  per  second,  the  body  weighing  450  pounds,  and  the  frictional 
resistances  being  equal  to  10  per  cent,  of  the  weight  of  the  body  ? 

Ans.  72.99  lb.,  nearly. 

3.  What  work  is  done  in  raising  950  pounds  17  feet  ? 

Ans.  16,150  ft.-lb. 

4.  If  an  engine  does  205,000  foot-pounds  of  work  per  minute,  what 
is  its  horsepower?  Ans.  6.21  H.  P.,  nearly. 
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5.  What  is  the  kinetic  energy  of  a  shell  fired  from  a  cannon  with  a 
velocity  of  1.800  feet  per  second,  the  shell  weighing  1,000  pounds  ? 

Ans.  50,373,135  ft. -lb.,  nearly. 

6.  Taking  the  coefficient  of  friction  at  .15,  what  horsepower  will  be 
required  to  pull  100  pounds  at  a  uniform  speed  of  5  feet  per  second 
along  a  level  surface?  Ans.  .136  H.  P. 
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CENTER    OF    GRAVITY. 

98.  The  center  of  gravity  of  a  body  is  that  point  at  which 
the  body  may  be  balanced^  or  it  is  the  point  at  ivJiicJi  the  whole 
weight  of  a  body  may  be  considered  as  concentrated. 

This  point  is  not  always  /;/  the  body ;  in  the  case  of  a 
horseshoe  or  a  ring  it  lies  outside  of  the  substance  of,  but 
within  the  space  enclosed  by,  the  body. 

In  a  moving  body,  the  line  described  by  its  center  of 
gravity  is  always  taken  as  the  path  of  the  body.  In  finding 
the  distance  that  a  body  has  moved,  the  distance  that  the 
center  of  gravity  has 
moved  is  taken. 

The  definition  of  the 
center  of  gravity  of  a 
body  may  be  applied 
to  a  system  of  bodies 
if  they  are  considered 
as  being  connected 
at  their  centers  of 
gravity. 

If  w  and  W,  Fig.  9,  are  two  bodies  of  known  wcij^lu,  their 
center  of  gravity  will  be  at  C,  This  point  C  may  be  readily 
determined  as  follows: 

Rule  lO. —  The  distance  of  the  connnon  center  of  gravity 
from  the  center  of  gravity  of  the  large  7^'eight  is  equal  to  the 
weight  of  the  smaller  body  multiplied  by  the  distafice  betz^'ecji 
the  centers  of  gravity  of  the  two  bodies,  and  this  product 
divided  by  the  sum  of  the  weights  of  the  two  bodies. 

Example. — In  Fig.  9,  w  —  10  pounds,  //' .  -  'M)  pounds,  and  the  dii*- 
lance  between  their  centers  of  gravity  is  30  inches;  where  is  the  center 
of  gravity  of  both  bodies  situated  ? 


Fig.  0. 
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Solution.— Applying  the  rule.  10  x  36  =  360.  10  -4-  30  =  40.  360 
-*-  40  =  9  in.,  distance  of  center  of  gravity  from  center  of  large  weight. 

Ans. 

99.  It  is  now  very  easy  to  extend  this  principle  to  find 
the  center  of  gravity  of  any  number  of  bodies,  when  their 
weights  and  the  distances  apart  of  their  centers  of  gravity 
are  known,  by  the  following  rule: 

Rule  11.  —  Find  the 
center  of  gravity  of  tivo 
of  the  bodies y  as  ]\\ 
and  W^  in  Fig.  10.  As- 
sume t/iat  the  weight 
of  both  bodies  is  concen- 
trated at  C,,  and  find  the 
center  of  gravity  of  this 
combined  weight  at  C^  and 
the  weight  of  H\.  Let  it 
X  \   _  be  at  C, ;   thcji  find  the 

g^m^^  t^^k-ar         center  of  gravity  of  the 

^t^  „_  ,..        ^Im^p    •        combined  weights  of  JF^, 

W^^  ]\\  (concentrated  at 
C\),  and  JF,.  Let  it  beat  C ;  then  C  will  be  the  center  of 
gravity  of  the  four  bodies. 

100,  To   find    the   center  of   gravity  of  any  imrallel- 

Rule  IS. — Draw  the  two  diagonals^  Fig.  11,  and  their 
point  of  intersection  C  will  be  the  center  of  gravity. 


Fu;.  11. 


101,     To   find   the  center  of  gravity  of  a   tilani^le,  as 
A  B  C\  Fig.  12 : 
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Rnle  13. — From  any  vertex ^  as  A,  draw  a  line  to  the  mid- 
dle point  D  of  the  opposite  side  B  C.  From  one  of  the  other 
vertexes,  as  C,  drazu  a  liite  to  7%  the  middle  point  of  the 
opposite  side  A  B ;  the  point  of  intersection  O  of  these  two 
lines  is  the  center  of  gravity. 

It  is  also  true  that  the  distance  D  O  =  ^  D  A  and  that 
F  O  =  ^  F  C;  the  center  of  gravity  could  have  been  found 
by  drawing  from  any  vertex  a  line  to  the  middle  point  of 
the  opposite  side  and  measuring  back  from  that  side  J  of  the 
length  of  the  line. 

The  center  of  gravity  of  any  i-egrular  piano  11  jjriii*o  is  the 
same  as  the  center  of  the  inscribed  or  circumscribed  circle. 

10t2.  To  find  the  center  of  gravity  of  any  lrn>grular 
plane  flgrnre,  but  of  uniform  thickness  throughout,  divide 


Fio.  18. 


one  of  the  parallel  surfaces  into  trianjj^lcs,  parallelograms, 
circles,  ellipses,  etc.,  according  to  th(^  shape  of  the  figure; 
find  the  area  and  center  of  gravity  of  each  part  separately, 
and  combine  the  centers  of  gravity  thus  found  in  the  same 
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manner  as  in  rule   11«  in  this  case,  however,  dealing  with 
the  ar^a  of  each  part  instead  of  its  weight.     See  Fig.  13. 


103.  Center  af  Gravity  of  a  Solid. — In  a  body  free 
to  move,  the  center  of  gravity  will  lie  in  a  vertical  plumb- 
line  drawn  through  the  point  of  support.     Therefore,  to 


Pig.  14. 

find  the  position  of  the  center  of  gravity  of  an  irregular 
sr^lid,  as  the  crank,  Fig.  14,  suspend  it  at  some  point,  as  />, 
so  that  it  will  move  freely.  Drop  a  plumb-line  from  the 
point  of  suspension,  and  mark  its  direction.  Suspend 
the  body  at  another  point,  as  A,  and  repeat  the  process. 
The  intersection  C  of  the  two  lines  will  be  directly  over 
the  center  of  gravity. 

It  is  often  desired  to  find  the  horizontal  distance  of  the 
center  oi  gravity  from  a  given  point  of  the  body.  In  many 
cases  this  can  readily  be  done  by  balancing  the  body  on  a 
knife  edge,  and  then  measuring,  horizontally,  the  distance 
between  the  knife  edge  and  the  given  point. 

Since  the  position  of  the  center  of  gravity  depends  wholly 
on  the  shape  and  weight  of  a  body,  it  may  be  without  the 
body,  as  in  the  case  of  a  circular  ring,  whose  center  of  gravity 
is  the  same  as  the  center  of  the  circumference  of  the  ring. 

By  considering  the  symmetry  of  form,  the  position  of  the 


§4  PRINCIPLES  OF  MECHANICS.  43 

center  of  gravity  of  homogeneous  solids  may  often  be  deter- 
mined without  analysis,  or  it  may  be  limited  to  a  certain 
plane,  line,  or  point.  Thus,  the  center  of  gravity  of  a  sphere, 
or  any  other  regular  body,  is  situated  at  its  center;  of  a 
cylinder,  in  the  middle  of  its  axis;  of  a  thin  plate  having 
the  form  of  a  circle  or  regular  polygon,  in  the  center  of  the 
figure;  of  a  straight  wire  of  uniform  cross-section,  in  the 
middle  of  its  length. 

EXAMPLES   FOR  PILcVCTICE. 

1.  A  spherical  shell  has  a  vvrought-iron  handle  attached  to  it.  The 
shell  is  10  inches  in  diameter  and  weighs  20  pounds.  The  handle  is 
1^  inches  in  diameter,  and  the  distance  from  the  center  of  the  shell  to 
the  end  of  the  handle  is  4  feet.  Where  is  the  center  of  gravity  ?  Take 
the  weight  of  a  cubic  inch  of  wrought  iron  as  .278  pound. 

Ans.  13.012  in.  from  center  of  shell. 

2.  The  distance  between  the  centers  of  two  bodies  is  51  inches. 
The  weights  of  the  bodies  being  20  and  73  pounds,  where  is  the  center 
of  gravity  ?  Ans.  10.968  in.  from  the  center  of  the  larger  weight. 

3.  Weights  of  5,  9,  and  12  pounds  lie  in  one  straight  line  in  the 
order  named.  Distance  from  the  5-pound  weight  to  the  9- pound 
weight  is  22  inches,  and  from  the  9-pound  weight  to  the  12-pound 
weight  is  18  inches.     Where  is  the  center  of  gravity  ? 

Ans.  13.923  in.  from  12-lb.  weight. 


CENTRIFUGAL    FOK(  K. 

104.  If  a  body  is  fastened  to  a  string  and  whirled,  so 
as  to  give  it  a  circular  motion,  there  will  be  a  pull  on  the 
string  that  will  be  greater  or  less,  according  as  the  velocity 
increases  or  decreases.  The  cause  uf  this  pull  on  the  string 
will  now  be  explained. 

Suppose  that  the  body  is  revolved  horizontally,  so  that  the 
action  of  gravity  upon  it  will  always  be 
the  same.  According  to  the  first  law  of 
motion,  a  body  put  in  motion  tends  to 
move  in  a  straight  line  unless  acted  upon 
by  some  other  force,  causing  a  change  in 
the  direction.  When  the  body  moves  in 
a  circle,  the  force  that  causes  it  to  move  piQ,  15. 
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in  a  circle  instead  of  in  a  straight  line  is  exactly  equal  to  the 
tension  of  the  string.  If  the  string  were  cut,  the  pulling 
force  that  drew  it  away  from  the  straight  line  would  be 
removed,  and  the  body  would  then  **fly  off  at  a  tangent"; 
that  is,  it  would  move  in  a  straight  line  tangent  to  the 
circle,  as  shown  in  Fig.  15. 

Since,  according  to  the  third  law  of  motion,  every  action 
has  an  equal  and  opposite  reaction,  we  call  the  force  that 
acts  as  an  equal  and  opposite  force  to  the  pull  of  the  string 
the  centrlfugra]  force,  and  it  acts  away  from  the  center, 
of  motion. 

105.  The  other  force,  or  tension,  of  the  string  is  called 
the  centripetal  force,  and  it  acts  toward  the  center  of 
motion.  It  is  evident  that  these  two  forces,  acting  in  oppo- 
site directions,  tend  to  pull  the  string  apart,  and,  if  the 
velocity  be  increased  sufficiently,  the  string  will  break.  It 
is  also  evident  that  no  body  can  revolve  without  generating 
centrifugal  force. 

108.  To  Find  the  CentrlfiijOfal  Force  of  Any  Re- 
volving? Body. — The  value  of  the  centrifugal  force, 
expressed  in  pounds,  of  any  revolving  body  is  calculated  by 
the  following  rule: 

Rule  14. —  The  centrifugal  force  equals  the  continued 
product  of  .0(i(fSJf,  the  u'cight  of  the  body  in  pounds,  the  radius 
in  feet  {taken  as  the  distance  between  the  center  of  gravity  of 
the  body  and  the  center  about  ivhich  it  revolves)  ^  and  the 
square  of  the  number  of  revolutions  per  minute. 

Let  F ^=.  centrifugal  force  in  pounds; 

JFz=  weight  of  revolving  body  in  pounds; 

R  =  radius  in  feet  of    circle    described  by  center  of 

gravity  of  revolving  body; 
iV=  revolutions  per  minute  of  revolving  body. 

Then,  F=  .omU  JFA\V\ 

KxAMPLK. — What  is  the  tension  in  the  string  of  Fig.  15,  if  the  ball 
weij^hs  2  pt)un(ls  and  is  revolved  around  at  the  rate  of  500  revolutions 
per  minute  ?     The  string  is  2  feet  long. 
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Solution. — Applying  the  rule  just  given,  we  get 

7^=  .00034  X  2  X  2  X  500*  =  340  lb.     Ans. 

107.  In  flywheels,  belt  wheels,  and  pulleys  the  centrif- 
ugal force  tends  to  tear  the  rim  asunder;  this  tendency  is 
resisted  by  the  tenacity  of  the  material  of  which  the  wheel 
is  composed.  Since  the  centrifuj^al  force  increases  as  the 
square  of  the  number  of  revolutions,  it  will  be  seen  that  an 
apparently  slight  increase  in  the  number  of  revolutions  per 
minute  may  be  sufficient  to  burst  the  wheel. 

108.  For  solid  cast-iron  wheels  and  for  built-up  wheels 
of  cast  iron  where  the  strength  of  the  joint  is  ccjual  to  the 
strength  of  the  rim,  the  greatest  number  of  revolutions  per 
minute  that  practice  has  indicated  to  be  safe  may  he  found 
by  the  following  rule: 

Rule  15. — Divide  IfiSO  by  the  diameter  of  tJie  Zi'heeL 
Or.  JVr=li|^; 

where  d  =  diameter  of  the  wheel  in  feet; 

jV=  number  of  revolutions  per  minute. 

Example. — What  is  the  maximum  number  nf  revolutions  allowable 
for  a  cast-iron  flywheel  27  feet  0  inches  i "i  diameter  ? 

Solution. — Applying  rule  15,  we  get 

_     =  -rt^-F"  =^  ^"  '"^'^'-  P^*^  mill.     Ans. 


EQUII.IBini  M. 

109.  When  a  body  is  at  rest,  all  the  fort  us  that  art  upon 
it  balance  one  another  and  are  said  to  be  in  i-^iuilibi'iuni. 
The  most  important  force  to  be  considered  is  tlie  attraction 
of  the  earth,  which  acts  upon  every  [)artiel(;  of  a  body. 
There  are  three  states  of  ecpiilibrium :  stable^  unsiiible,  and 
neutraL 

110.  A  body  is  in  ntablc  i»<nillll>«'in»"  when,  if  slij^htly 
rotated  about  its  support  in  such  manner  as  to  change  the 
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the  cylinder.  So  long  as  the  vertical  line  drawn  through  O 
falls  between  A  and  C,  the  cylinder  will  stand,  but  the 
instant  it  falls  without  the  base,  the  cylinder  will  fall. 

114.     The  center  of  gravity  of  a  body  has  a  tendency  to 
always  seek  the  lowest  possible  position. 


/.    L—H 
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2.  That  part  of  the  lever  F  b  between  the  fulcrum  and 
the  weight  is  called  the  welglit  arm,  and  the  part  F  c 
between  the  fulcrum  and  the  force  is  called  the  force  arm. 

In  order  that  the  lever  will  be  in  equilibrium  (balance), 
the  force  multiplied  by  the  force  arm  must  equal  tlu  weight 
multiplied  by  the  weight  arm;  that  is,  Px  F  c  must 
equal  Wx  F b, 

3.  If  F  is  taken  as  the  center  of  a  circle,  and  arcs  are 
described  through  b  and  r,  it  will  be  seen  that  if  the  weight 
arm  is  moved  through  a  certain  angle,  the  force  arm  will 
move  through  the  same  angle.  Since  in  the  same  or  equal 
angles  the  lengths  of  the  arcs  are  proportional  to  the  radii 
with  which  they  were  described,  it  is  seen  that  the  force 
arm  is  proportional  to  the  distance  through  which  the  force 
acts,  and  the  weight  arm  is  proportional  to  the  distance 
through  which  the  weight  moves.  Hence,  instead  of  wri- 
ting Px  F c=^  IV X  F by  we  might  have  written  P x  (dis- 
tance through  which  P  acts)  =:  W  X  (distance  through 
which  W^  moves).  This  is  the  general  law  of  all  machines, 
and  can  be  applied  to  any  mechanism  from  the  simple  lever 
up  to  the  most  complicated  arrangement.  When  stated  in 
the  form  of  a  rule  it  is  as  follows : 

Rule  1. —  The  force  multiplied  by  tlu  distance  through 
whi^h  it  acts  equals  the  weight  multiplied  by  the  distance 
through  which  it  moves, 

4.  In  the  above  rule,  it  will  be  noticed  that  there  are 
four  requirements  necessary  for  a  complete  knowledge  of 
the  lever,  viz. :  the  force,  the  weight,  the  force  arm,  or 
distance  through  which  the  force  acts,  and  the  weight  arm, 
or  distance  through  which  the  weight  moves.  If  any  three 
are  given,  the  fourth  may  be  found  by  letting  x  represent 
the  requirement  that  is  to  be  found,  and  multiplying  the 
force  by  the  force  arm  and  the  weight  by  the  weight  arm ; 
then,  dividing  the  product  of  the  two  known  numbers  by 
the  number  by  which  x  is  multiplied,  the  result  will  be  the 
requirement  that  is  to  be  found. 
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EXAHPi,Bi> — Jt  Ihe  weight  arm  of  a  lever  is  6  inches  long  and  the 
Imce  arm  is  4  feet  long,  how  great  a  weight  can  be  raiaed  by  a  force  of 
20  pounds  at  the  end  of  the  force  arm  ? 

S(>Lt'Tio». — In  this  example,  the  weight  is  unknown;  hence,  repre- 
senting it  by  X.  we  have,  after  reducing  the  4  feci  to  inches,  20  X  48 
=  Bflll  =  force  multiplied  by  the  force  arm,  and  jr  x  B  =  weight  mul- 
tiplied by  the  weight  arm.  Dividing  the  960  by  6.  the  result  is 
ISO  puubds,  the  weight.    Ans. 

6.  If  the  distance  through  which  the  force  acted  or  the 
weight  had  moved  had  been  given  instead  of  the  force  arm  or 
weight  arm,  and  it  were  required  to  find  the  force  or  weight, 
the  process  would  have  been  exactly  the  same,  using  the 
given  distance  instead  of  the  force  arm  oV  weight  arm. 

EXAUPLB, — If.  in  the  above  example,  the  weight  had  moved 
2j  inches,  through  what  distance  would  the  force  have  acted  ? 

SOLCTIOW. — In  this  example,  the  distance  through  which  the  force 
acts  is  required.  Let  x  represent  Ihe  distance.  Then,  2*)  X  -r  =  dis- 
tance multiplied  by  force,  and  2i  X  IBO  =  400  =  distance  multiplied  by 
the  weight.  Hence,  x  =  *^  =  30  inches  =  distance  through  which  the 
force  arm  moves.     Ans. 

The  ratio  between  the  weight  and  the  force  is  180  ^-  30  —  8.  The 
ratio  between  the  distance  through  which  the  weight  moves  and  the 
distance  through  which  the  force  acts  is  3i  -i-  SO  =  i-  This  shows  that 
while  a  force  of  I  pound  can  raise  a  weight  of  8  pounds,  the  1-pound 
weight  must  move  through  8  times  the  distance  that  the  8-pound 
weight  does.  It  will  also  be  noticed  that  the  ratio  of  the  lengths  of 
the  two  arms  of  the  lever  is  also  8.  since  48  -i-  0  =  8. 

G.  The  law  that  governs  the  straight  lever  also  governs 
the  bent  lever,  but  care  must  betaken  to  determine  the  true 
lengths  of  the  lever  arms,  which  are,  in  every  case,  the  per - 
pttiduiilar  distances  from  the  fitkrum  to  the  line  of  direction 
of  the  weight  or  force. 

Thus,  in  Figs.  4,  6,  (J,  and  1,  F  c  in  each  case  represents 
the  force  arm  and  F b  the  weight  arm. 

7<  A  vonipoimd  lever  is 
arranged  in  such  a  manner  that 
the  first  it  is  communicated 
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Fig.  8  shows  a  compound  lever.  It  will  be  seen  that  when 
a  force  is  applied  to  the  first  lever  at  P  it  will  be  communi- 
cated to  the  second  lever  at  P^  from  this  to  the  third  lever 
at  /*,  and  thus  raise  the  weight  W, 


V 


FlO.  4. 


Fig.  5. 


The  weight  that  the  force  applied  to  the  first  lever  could 
raise  acts  as  the  force  of  the  second,  and  the  weight  that  this 
force  could  raise  through  the  second  lever  acts  as  the  force 


Fig.  g. 


Fig. 


of  the  third  lever,  and  so  on,  no  matter  how  many  single 
levers  make  up  the  compound  lever. 

In  this  case,  as  in  every  other,  the  force  multiplied  by  the 
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distance  through  which  it  acts  equals  the  weight  multiplied 
by  the  distance  through  which  it  moves. 
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Hence,  if  we  move  the  /"end  of  the  lever,  say  4  inches, 

and  the  end  carrying  the  weight  [Kmoves  \  inth,  we  know 

I     that  the  ratio  between  P  and   iV  is  the  same  as  the  ratio 

between  J  and  4;  that  is.  I  to  '30,  and,  hence,  that  10  pounds 

.      at  /"will  balance  200  pounds  at  IV,  without  measuring  the 

I      lengths  of  the  different  lever  arms.     If  the  lengths  of  the 

t      lever  arms  are  known,  the  ratio  between  P  and  If  may  be 

readily  obtained  from  the  following  rule: 

Knle  2. —  T/if  continued  product  of  the  force  and  each  force 
arm  equals  the  continued  product  of  the  weig/il  and  each  weight 
arm. 

Example. — If.  in  Fig.  8.  PF=2i  inches,  IS  inches,  and  80  inches, 
respectively,  and  IV F  =  6  inches,  S  inches,  and  18  inches,  respectively, 
bow  great  a  furci.'  at  P  will  it  require  to  raise  1.00(1  pounds  at  Ifl 
What  is  the  ratio  between  W  and  P  ? 

Soi.UTiOM.  —  Let  jr  represent  the  force;  then,  j-X^XlSx^M) 
I  =  13.060  y.  X  =  continued  product  of  the  force  and  each  force  ami. 
'       1.000  X  6  X  e  X  18  =  848,000  =  conlinued   product  of  tlie   weight  and 

each  weight  arm;  and,  since  IS.BOO  Xx  =  648,000, 
^^^B  048,000 


=  50  lb.  : 


:  the  forte.    Ans. 
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0  between  If  and  P 


if  two  cylinders  of 
that    they 
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together  about  a  common  axis,  as  in  Fig.  9.  Then,  as 
before,  /'x  distance  through  which  it  acts  =  If'x  distance 
through  which  it  moves;  and,  since  these  distances  are  pro- 
portional to  the  radii  of  the  force  cylinder  and  weight  cylin- 
der, Z' x /"r  =  IF  x /"*. 

It  is  not  necessary  that  an  entire  wheel  be  used ;  an  arm, 

projection,  radius,  or  anything 
that  the  force  causes  to  revolve 
in  a  circle,  may  be  considered  as 
the  wheel.  Consequently,  if  it  is 
desired  to  hoist  a  weight  with  a 
windlass.  Fig.  10,  the  force  is  ap- 
plied to  the  handle  of  the  crank, 
and  the  distance  between  the 
center  line  of  the  crank-handle 
and  the  axis  of  the  drum  corresponds  to  the  radius  of  the 
wheel. 

Example. — If  the  distance  between  the  center  line  of  the  handle 
and  the  axis  of  the  drum  in  Fig.  10  is  18  inches  and  the  diameter  of 
the  drum  is  6  inches,  what  force  will  be  required  at  Z'  to  raise  a  load 
of  300  pounds  ? 

Solution.—    /*  x  (18  x  2)  =  300  x  «,  or  /» =  50.    Ans. 


EXAMPLES   won  PRACTICK, 

1.  The  lever  of  a  safety  valve  is  of  the  form  shown  in  Fig.  1,  where 
the  force  is  applied  at  a  point  between  the  ftdcrum  and  the  weight 
lifted.  If  the  distance  from  the  fulcrum  to  the  valve  is  5^  inches  and 
from  the  fulcrum  to  the  weight  is  42  inches,  what  total  force  is  neces- 
sary to  raise  the  valve,  the  weight  being  78  pounds  and  the  weight  of 
valve  and  lever  being  neglected  ?  Ans.  595.64  lb. 

2.  If,  in  Fig.  8,  P  F=\0  inches.  12  inches,  14  inches,  and  16  inches, 
respectively,  and  WF=2  inches,  3  inches,  4  inches,  and  5  inches, 
respectively,  {a)  how  great  a  weight  can  a  force  of  20  pounds  raise  ? 
{b)  What  is  the  ratio  between  IV  and  PI  (c)  If  P  moves  4  inches, 
how  far  will  W  move  ?  /  (a)    4,480  lb 

Ans.j(^)    224. 
\{f)    A  in. 


"he  latter  style  of  pulley  is  more  readily  placed  on  and 
removed  from  the  shaft  than  the  solid  pulley.  Pulleys  are 
generally  cast  in  halves  or  parts  when  they  are  more  than 
6  feet  in  diameter;  this  is  done  on  account  of  the  shrink- 
age strain  in  large  pulley  castings,  which  renders  them 
liable  to  crack  as  a  result  of  the  unequal  cooling  of  the 
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10.  Of  late  years,  wooden  pulleys  have  come  into  exten- 
sive use.  They  are  built  of  segments  securely  glued  together, 
maple  being  the  wood  used.  Wooden  split  pulleys  can  be 
procured  that  are  fitted  with  removable  bushings,  thus  allow- 
ing the  same  pulley  to  be  readily  adapted  to  various  diam- 
eters of  shafting.  They  are  somewhat  lighter  than  cast-iron 
pulleys. 


11.  Crowning:  Pulley  Faces. — In  Fig.  13,  suppose  the 
shafts  a  and  ^  to  be  parallel.  Let  the  pulley  on  the  shaft  a 
be  cone-shaped,  as  shown.  The  right-hand 
T  ly  side  of  the  belt  will  be  pulled  ahead  more 
I —  j  1  I —  rapidly  than  the  left-hand  side,  because  of  the 
i_  I  ]  jL_J  greater  diameter  and,  consequently,  greater 
I  1 1  speed  of  the  right-hand  end  of  the  pulley.  It 
[  I  '  has  been  observed  that  in  this  case  the  belt 
will  leave  its  normal  position,  which  is  indi- 
cated by  the  dotted  lines,  and  climb  toward 
the  part  of  the  pulley  that  has  the  largest 
l(      !  diameter,  as  shown  in  the  illustration.     This 

tendency  of  the  belt  to  climb  toward  the  high 
— .  side  is  taken  advantage  of  to  make  the  belt 
-^  stay  on  a  pulley.  Suppose  the  pulley  on  the 
shaft  rt  is  replaced  with  one  formed  of  two 
equal  cones,  with  the  large  diameter  in  the 
center.  Then,  each  side  of  the  belt  will  tend 
to  climb  toward  the  highest  point,  and  the  consequence  is 
that  the  belt  will  stay  in  the  center  of  the  pulley. 

A  pulley  with  its  surface  formed  in  this  way  is  said  to  be 
crownetl.  The  surface  need  not  necessarily  represent  the 
frustums  of  two  cones;  it  may  simply 
be  curved,  as  shown  in  Fig.  14.  It  is 
only  required  that  the  pulley  be  larger 
in  diameter  in  the  center. 

As  to  the  proper  amount  of  crowning 
necessary,  the  practice  of  the  makers  fig.  u. 

of  pulleys  differs  considerably ;  usually,  though,  it  is  from 
1^  to  i  inch  per  foot  of  width  of  the  pulley  face. 


iiw>j,'-fM//i'mx,x  vm-'-i-c '  "'^ 


ated    by   the    rota- 
tion of    the  pulley, 
is   greater    on 
iiide     than     on 
other  and  will  c 
the  pulley  shaft  to 
vibrate   and   shake. 
Pulleys  are  usually 
balanced    in    the 

manner     shown    in  Fm.  is. 

Fig.  15-  A  closely  fitting  arbor,  which  is  simply  a  truly 
cylindrical  piece  of  iron  or  steel,  is  driven  into  the  bore  of 
the  pulley,  which  is  then  placed  on  the  so-called  "  balancing 
ways."  These  are  two  planed  iron  or  steel  bars,  preferably 
planed  to  a  knife  edge.  These  bars  are  placed  on  conve- 
nient supports  far  enough  apart  to  allow  the  pulley  to  go 
between  them.  The  bars  should  be  carefully  leveled  with  a 
spirit  level,  so  that  both  bars  are  in  the  same  horizontal 
plane.  When  the  arbor  rests  on  the  ways  and  the  pulley  is 
slightly  rotated,  the  latter  will  quickly  come  to  rest  with 
the  heavy  part  downwards.  Now,  either  some  metal  must 
be  removed  from  the  heavy  part  or  some  weight  added 
to  the  light  part.  For  small  pulleys,  a  convenient  substance 
to  use  for  finding  the  proper  location  and  weight  of  the 
counterweight  is  ordinary  glazier's  putty.  By  repeated 
trials  the  proper  weight  of  the  counterweight  is  found,  and 
then  a  mass  of  metal  of  convenient  shape  equal  in  weight  to 
the  putty  is  fastened  to  the  light  part  of  th?  pidley  in  what- 
ever way  is  safe  and  convenient.  The  proper  weight  and 
location  of  the  counterweight  will  have  been  obtained  when 
the  pulley  will  be  at  rest  on  the  balancing  ways  in  any  posi- 
tion in  which  it  is  put.  In  other  words,  the  pulley  is 
balanced  when  it  is  in  neutral  equilibrium.  This  balance  is 
called  a  standlugr  balnncc.  The  method  just  explained 
s  very  well  for  pulleys  that  are  narrow  in  comparison 
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to  their  diameter.  When  pulleys  with  a  wide  face  are  run 
at  a  high  speed,  it  is  often  found  that  serious  vibrations  are 
set  up  even  when  they  are  in  perfect  standing  balance,  thus 
showing  that  they  do  not  possess  the  so-called  running: 
balance.  No  method  has  yet  been  found  that  will  insure  a 
running  balance  at  all  speeds,  nor  has  any  method  become 
known  by  which  it  can  be  discovered  directly  where  to  apply 
the  counterweight.  The  usual  remedy  for  pulleys  not  pos- 
sessing a  running  balance  is  to  turn  carefully  the  inside  of 
the  rim  to  run  true  with  the  outside  of  the  pulley.  Absence 
of  running  balance  is,  in  all  cases,  due  to  an  unequal  distri- 
bution of  metal  in  reference  to  the  axis  of  the  shaft,  this 
unequal  distribution  being  due  to  lack  of  homogeneity  of 
the  metal,  to  poor  foundry  work,  or  to  poor  lathe  work. 

13.  Pulleys  should  run  true  in  order  that  the  strain,  or 
tension,  of  the  belt  will  be  equal  at  all  parts  of  the  revolu- 
tion, thus  making  the  transmitting  power  equal.  The 
smoother  the  surface  of  a  pulley,  the  greater  is  its  driving 
power. 

The  transmitting  power  of  a  pulley  can  be  increased  by 
covering  its  face  with  a  leather  or  rubber  band;  this  in- 
creases the  driving  power  about  one-quarter. 

14,  Relation  Between  Speeds  of  Drivers  and  Driven 

Pulleys. — The  pulley  that  imparts  motion  to  the  belt  is 
called  the  driver ;  that  which  receives  the  motion  is  called 
the  driven. 

The  revolutions  of  any  two  pulleys  over  which  a  belt  is 
run  vary  in  an  inverse  proportion  to  their  diameters;  conse- 
quently, if  a  pulley  20  inches  in  diameter  is  driven  by  one 
10  inches  in  diameter,  the  20-inch  pulley  will  make  1  revolu- 
tion while  the  10-inch  pulley  makes  2  revolutions,  or  they 
are  in  the  ratio  of  2  to  1.  From  this  fact,  the  following 
formulas  have  been  deduced  : 

Let       D  =  diameter  of  the  driver; 
d  =  diameter  of  the  driven; 
N=  number  of  revolutions  of  the  driver; 
n  =  number  of  revolutions  of  the  driven. 
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Note. — ^The  words  revolutions  per  minute  are  frequently  abbre- 
viated to  R.  P.  M. 

15.  To  find  the  diameter  of  the  driving  pulley  when  the 
diameter  of  the  driven  pulley  and  the  number  of  revolutions 
per  minute  of  each  is  given: 

Rale  3. —  The  diameter  of  the  driving  pulley  equals  the 
product  of  the  diameter  and  the  number  of  revolutions  of 
the  driven  pulley  divided  by  the  number  of  revolutions  of  the 
driving  pulley. 

Or.  D=% 

Example. — The  driving  pulley  makes  100  revolutions  per  minute, 
the  driven  pulley  makes  75  revolutions  per  minute  and  is  18  inches  in 
diameter;  what  is  the  diameter  of  the  driving  pulley  ? 

Solution. — Applying  the  rule  just  given  and  substituting,  we  have 

Z>  =  l^:^  =  18iin.    Ans. 

16.  The  diameter  and  number  of  revolutions  per  minute 
of  the  driving  pulley  being  given,  to  find  the  diameter  of  the 
driven  pulley,  which  must  make  a  given  number  of  revolu- 
tions per  minute: 

Rule  4. —  The  diameter  of  the  driven  pulley  equals  the  prod- 
uct of  the  diameter  and  the  number  of  revolutions  of  the 
driving  pulley  divided  by  the  number  of  revolutions  of  the 
driven  pulley. 

Or,  d  = . 

71 

Example. — The  diameter  of  the  driving  pulley  is  V^\  inches  and  it 
makes  100  revolutions  per  minute;  what  must  be  the  diameter  of  the 
driven  pulley  to  make  75  revolutions  per  minute  ? 

Solution. — Applying  rule  4  we  have  d  —    '  '  ^^ =  IH  in.    Ans. 

17.  To  find  the  number  of  revolutions  per  minute  of  the 
driven  pulley,  its  diameter  and  the  diameter  and  the  number 
of  revolutions  per  minute  of  the  driving  pulley  being  given: 
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H^iic  >*         ..    :  t  '.-.•s  -   .  *'  "iZ'CiU/ions  of  the  drix^en  pulley 

^    .   -  ..   r:^^^:c^  and  the  number  of  rezvlu- 

..'•,"  :..'.:^  :  \' :u' aiameterof  the driz*en pulley. 


\  .  « 


tik'.«;\.-     », 


\ 


:-  ev  24 1*^  inches  in  diameter  and  makes 
r-c  rixny  revolutions  will  the  driven 
>  :>  -riciws  in  diameter  ? 


U  X  :.*i  =  75  R.  p.  M.     Ans, 


IV  *,     *  :  *^-x-   .:  nf\-olutions  per  minute  of 

^     .     .        -^  .  «  ru:;:r  ind  the  diameter  and  the 

V       .  .  «  .'^  v     "vnuie  of  the  driven  pulley  being 


'.•r;'4":*.-:,*cy  cf  the  driving  pulley 
*u  ',-•'  jxd  the  number  of  revolu- 
.:::c,:^\:  >r  the  diameter  of  the 


.    V  .    ^  ''^     vhcs  in  diameter  and  makes 
\  V  '»■.,-.    -vvolutiv'^ns  will   the   driving 

.     ..         ,  .    >    i,     *c.v>  ::*.  viidmeter  ? 


vR.  l\M.    Ans. 


10*      \  iH^U  '^  ,;    "s  \      .    V oviinx;  band  that  drives  a 

f^u'.'.v  \  *'\    '.n'-v',     '.;     •  w  v:/.-.v  :^  slippinvi:  at   the  surface 

«^:  ::;o  pv./.vn       Ivi^  ,;-^ >:    v^^:v.:nonlv  made  of  leather, 

Ci'ttt^n,  or  rul^:v:.  .in-  .i:v'  iv.-.tv'vl  i'*  lonvr  lengths  by  cement- 
ing, riveting,  v^r  I.uitig, 
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20.  Ijeatlier  belts  are  made  single  and  double.  A 
single  belt  is  one  composed  of  a  single  thickness  of  leather; 
a  double  belt  is  one  comp)osed  of  two  thicknesses  of  leather 
cemented  and  riveted  together  the  whole  length  of  the  belt. 

21.  Cotton  belts  are  in  use  to  some  extent,  as  are  also 
belts  made  of  a  number  of  layers  of  duck  sewed  together  and 
impregnated  with  a  preparation  rendering  them  waterproof. 
These  belts,  in  accordance  with  the  number  of  layers  or 
**plys,**  are  called  two-ply,  three-ply,  etc.  Four-ply  cotton 
and  duck  belting  is  about  equal  to  single  leather  belting, 
and  eight-ply  to  double  leather  belting. 

22.  Kubber  belts  are  especially  adapted  for  use  in  damp 
or  wet  places;  they  will  endure  a  great  degree  of  heat  or 
cold  without  injury,  are  quite  durable,  and  are  claimed  to 
be  less  liable  to  slip  than  leather  belts. 


CALCULATIONS  FOR  BELTS. 

23.  To  Find  the  L-engrth  of  a  Belt. — In  practice,  the 
necessary  length  for  a  belt  to  pass  around  pulleys  that  are 
already  in  their  position  on  a  shaft  is  usually  obtained  l)y 
passing  a  tape  line  around  the  pulleys,  the  stretch  of  the  ta})e 
line  being  allowed  as  that  necessary  for  the  belt.  The  lengths 
of  open-running  belts  for  pulleys  not  in  position  can  be 
obtained  approximately  as  follows: 

Rule  7. —  The  length  of  a  belt  for  open-running  pulleys 
equals  S\  times  one-half  the  sum  of  the  diameters  of  the 
pulleys  plus  2  times  the  distance  between  the  eenters  of  the 
shaft. 

Let       J)  =  diameter  of  one  pulley  in  inches; 

d  =  diameter  of  the  other  i)ulley  in  inches; 
L  =  distance  between  the  centers  of  the  shafts 

in  inches; 
J3  =  length  of  the  belt  in  inches. 


Then,  B  =  3}  (^-  '^-^  +  2  /.. 
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Example. — The  distance  between  the  centers  of  two  shafts  is 
9  feet  7  inches;  the  diameter  of  the  large  pulley  is  86  inches  and  the 
diameter  of  the  small  one  is  14  inches ;  what  is  the  necessary  length  of 
the  belt  ? 

Solution. — Applying  the  rule  just  given  and  substituting  the 
values  given,  we  have,  since  9  feet  7  inches  =  115  inches, 

^  =  3^  f^  2  ^^)  +  2  X  115  =  811i  in.,  or  25  ft.  Hi  in.     Ans. 

The  length  of  crossed  belts  cannot  be  determined  by  any 
simple  calculation,  it  being  a  rather  difficult  mathematical 
problem. 

24.  To  Find  tlie  Width  of  Belts.— A  belt  should  be 
wide  enough  to  bear  safely  and  for  a  reasonable  length  of 
time  the  greatest  tension  that  will  be  put  upon  it.  This 
will  be  the  tension  of  the  driving  side.  The  safe  tension  for 
single  belts  may  be  taken  as  60  pounds  per  inch  of  width; 
single  belts  average  ^  inch  in  thickness.  The  tension  on 
the  driving  side,  however,  does  not  represent  the  force  tend- 
ing to  turn  the  pulley.  The  force  tending  to  turn  the 
pulley,  or  the  eflfectlve  pull,  is  the  difference  in  tension 
between  the  driving  side  and  the  slack  side  of  the  belt.  The 
tension  on  the  driving  side  depends  on  three  factors:  the 
effective  pull  oi  \h^  belt,  the  coefficient  of  friction  between 
the  belt  and  pulley,  and  the  size  of  the  arc  of  contact  of  the 
belt  on  the  smaller  pulley. 

26,  The  effective  pull  that  may  be  allowed  per  inch  of 
width  for  single  leather  belts  with  different  arcs  of  contact 
(the  arc  in  which  the  belt  touches  the  smaller  pulley),  is 
given  in  Table  I. 

26.  To  Find  the  Arc  of  Contact. — The  arc  of  con- 
tact in  degrees,  or  as  a  fraction  of  the  circumference,  can 
be  determined,  practically,  as  follows:  Stretch  a  string  over 
the  two  pulleys  to  represent  the  belt.  Then,  take  another 
string,  wrap  it  around  the  small  pulley  and  cut  it  off  so  that 
the  ends  meet.  This  represents  the  circumference  of  the 
small  pulley.     Now  take  a  third  string,  hold  one  end  at  the 
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TABIiE    I. 


AJ.LOAVABLE  BELT  PULL^S. 


Arc  Covered  by  Belt. 


Degrees. 


112i 
120 
135 
150 
157i 
180  or  over 


Fraction  of  Cir- 
cumference. 

.250 
.312 
.333 
.375 
.417 
.437 
.500 


Allowable  Effective  Pull 

Per  Inch  of  Width 

in  Pounds. 


23 

.0 

27 

4 

28. 

8 

31 

3 

33 

.8 

34 

.9 

38 

1 

beginning  of  the  arc  of  contact,  as  shown  by  the  string 
stretched  around  both  pulleys,  wrap  it  around  the  smaller 
pulley,  and  cut  it  off  at  the  end  of  the  arc  of  contact.  The 
length  of  this  last  string  represents  the  leni^th  of  the  arc 
of  contact.  We  now  have  the  proportion:  the  Lnj^f/i 
of  the  strint^  representing  the  eircunifcrencc  :  tJic  Utigth  of 
the  string  representing  the  arc  of  c 0)1  tact  ::  -UK*  {(he  tuaubcr 
of  degrees  in  a  circle)  :  ////•  number  of  tfcgrccs  in  the  arc  i^f  con- 
tact. Whence,  the  number  of  degrees  in  the  arc  of  contact 
equals  the  quotient  obtained  by  dividing  the  i)ro(Ui(  t  of  the 
length  of  the  arc  of  contact  and  3'»0  by  the  circumference 
of  the  pulley. 

To  obtain  the  fraction  of  the  circumference,  divide  the 
length  of  the  string  representing  the  arc  of  contact  by  the 
circumference. 

27,  To  use  the  table  for  finding  the  width  of  a  single 
leather  belt  for  transmitting  a  given  number  of  horsepower, 
we  have  the  following  rule, 


/.   I^IB 
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where  C  =  allowable  effective  pull,  from  table; 
H  =  horsepower  to  be  transmitted  ; 

IV  =z  width  of  single  belt  in  inches; 

V  =  velocity  of  belt  in  feet  per  minute. 

Rule  8. — Multiply  the  horsepower  to  be  transmitted  by 
33,000^  and  divide  this  produet  by  the  produet  of  the  velocity 
of  the  belt  and  the  allozuable  effective  pull^  as  taken  from  the 
table.      The  quotient  will  be  the  width  of  the  belt, 

33,000  i¥ 


Or,  W^ 


VC 


£xAMPLE. — What  width  of  single  belt  is  needed  to  transmit  20  horse- 
power, the  arc  of  contact  on  the  small  pulley  being  135"  and  the  speed 
of  the  belt  1,500  feet  per  minute  ? 

Solution. — According  to  Table  I,  the  allowable  effective  pull  for 
135"  is  31.3  pounds.     Then,  applying  rule  8,  we  have 

...      33.000x20       ...  .         . 

^=  1,500  X  31.3  =  ^^'"-"^''^y-     ^''"• 

28.  To  Find  the  Horsepower  of  a  Belt. — The  horse- 
power that  a  single  belt  will  transmit  is  given  by  the  follow- 
ing rule: 

Uiile  9. — Multiply  together  the  effective  pull  takeji  from 
the  tabh\  the  width  of  the  belt  in  inches,  and  the  speed  of  the 
belt  in  feet  per  minute.     Divide  the  product  by  SSfiOO, 

C  W  V 


Or.  //  = 


33,000* 


29.  Speed  of  IJelts. — By  applying  rule  8  to  the  same 
belt  running  at  different  velocities,  it  will  be  seen  that  the 
higher  the  velocity,  the  greater  is  the  horsepower  that  the 
same  belt  can  transmit,  and  from  rule  9  it  will  be  seen  that 
the  higher  the  speed  of  the  belt,  the  less  may  be  its  width 
to  transmit  a  given  horsepower.  From  this  it  follows  that 
a  belt  should  be  run  at  as  high  a  velocity  as  conditions  will 
permit,  the  maximum  velocity  allowable  for  a  laced  belt 
being  about  3,500  feet  per  minute  for  ordinary  single 
leather  and    double    leather    bells.      For   belts    spliced    by 
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cementing,  where  the  splice  is  practically  as  strong  as  the  belt 
itself,  the  velocity  may  be  as  high  as  5,000  feet  per  minute. 
Cases  are  on  record  where  wide  main  belts  have  been  run  at 
as  high  a  velocity  as  6,000  feet  per  minute. 

30.  In  choosing  a  proper  belt  speed,  due  regard  must 
be  paid  to  commercial  conditions.  While  a  high  speed  of 
the  belt  means  a  narrow  and,  consequently,  a  cheaper  belt, 
the  increased  cost  of  the  larger  pulleys  that  may  be  required 
may  offset  the  gain  due  to  the  high  belt  speed,  at  least  as 
far  as  first  cost  is  concerned. 

For  illustration,  let  the  problem  be  to  transmit  10  horse- 
power from  one  shaft  to  another.  Let  the  revolutions  of 
both  the  driven  and  the  driving  shaft  be  equal,  and  let  the 
shafts  make  200  revolutions  per  minute.  Choosing  a  belt 
speed  of  2,000  feet  per  minute,  the  width  of  a  single  belt 
to  transmit  the  given  horsepower  will  be,  by  rule  8,  say, 
4i  inches.  The  diameter  of  the  pulley  that  at  200  revolu- 
tions per  minute  will  give  a  belt  speed  of  2,000  feet  jkt 

minute  is  — j- =  38J  inches,   nearly.      Taking  the 

price  of  a  38-inch  cast-iron  pulley,  5-inch  face,  as  J^l/i,  we 
have  the  price  of  two  pulleys  as  %'M).  Let  the  distance 
between  the  pulleys  be  20  feet.  Then,  the  lcn5j::th  of  belt, 
according  to  rule  7,  is  50  feet  4  inches,  Takinjj^  51  icct  as 
the  length  of  the  belt,  and  the  price  of  a  single  leather  Ix-lt 
4^  inches  wide  at  50  cents  per  foot,  the  price  of  the  belt  will 
be  *25.50.  Then,  the  cost  of  belt  and  pulleys,  not  count- 
ing freight  or  express  charges,  etc.,  will  be  ?^-^5.oo  -f  ^:]{) 
=  4^55. 50. 

Choosing  a  belt  speed  of  3,500  feet  per  minute,  the  width 
of  belt  will  be  2^  inches,  nearly.     The  proper  diameter  of 

the  pulley  is      '  —  =  (W>|-  inches,  say,  r,;  ini^ics.     The 

length  of  the  belt  will  be  51>  feet,  about.  The  prit  e  of  the 
belt  at  30  cents  per  foot  is  !e?lT.To.  The  price  of  two 
r.7-inch  pulleys  3^-inch  face  is,  say,  *S().  Then,  the  total 
first   cost  is  $80  + $17.70  =  *y7. 70,   showing   that   in    this 


ostn^ivshkr  :iae  rhe  ise  if  i  low  belt  apeeti  r»tiTices  tke  drst 

Tlie  ah#ive  iilnstraciQtt  is  act:  irmgaiiietL  ami  must  not  be 
•^naatned,  t^^^  le  aa  arxunenr  a^^ainst  hurti  belt  ^peed:  it 
iimpij  ihiiw^  die  advisahiiity  ot  -lonsideririi^  die  «:t:.mmercial 
feamr^a  in  -sicii  ami  ev^s^  «:ase.  In:  many  -zases  it  will  be 
fwund  diar  the  nstrmw,  hiiCi-sgeed  belt  is  by  far  the  more 
ecnci'.mira;  :!ie  ti^  ase. 

31.     DiMibie  betc»  ar>t  made  ot  tw«:-  sm'^ie  beLt5  -remented 

and,  oaiialTy.  rtveteti  Cjjtritiier  their  vtoie  Lensrth^  and  are 
used  wher**  much  pt^wer  is  to  be  transmitted.  As  the 
elective  poll  for  sinsTle  belts,  as  '^tven  in  Table  I,  is  based 
primaril  J  on  the  strenijth  throng  the  lace  holes^  a  double 
belt,  which  is  twice  as  thick.  sfc>tdd  be  able  to  transmit 
twice  as  mnch  ptjwer  as  a  sin^^e  bett^  and  tn  fact  more  than 
this,  where,  as  is  quite  common^  the  ends  of  the  belt  are 
cemented  instead  -jf  laced. 

Where  double  belts  are  used  on  small  ptillevs,  however, 
the  cr>ntact  with  the  pnlley  face  is  less  perfect  than  it  would 
be  if  a  sinj^e  belt  were  used,  owin^  to  the  greater  rigidity  of 
th«=;  former.  M-jre  W':.rk  is,  als.>.  requrreil  to  bend  the  belt  as 
it  runs  over  the  pulley  than  in  the  case  ot  the  more  pliable 
single  ?^It.  and  the  centrifuj^  force  tending  to  throw  the 
f-^It  from  th'i  pulley  ais«j  increases  with  the  tnickness. 
Moreover,  in  practice,  it  Ls  seldom  that  a  double  belt  is  put 
on  with  twice  the  tension  ot  a  single  belt.  For  these 
r^av>ns.  the  width  of  a  d«»uble  belt  required  to  transmit  a 
^iv^m  horsep^>wer  is  generally  assumed  to  be  seven-tenths 
th»:  width  of  a  single  belt  t«;>  transmit  the  same  px)wer.  On 
this  ha->is,  rules  H  and  O  become  for  double  belts,  by  multi- 
plying^ rill*:  8  by  ,".y  and  dividing  rule  9  by  ^,  as  follows: 

Itiih*  IC).  />?  Jind  the  icidtJi  of  a  double  belt^  multiply  the 
hffr^rfyoit'ir  to  he  transmit  ted  by  -^S^VXJ.  Dii*ieU  this  produet 
by  tlir  product  of  the  velocity  of  the  belt  and  the  allowable 
r//r(  tii'c  pull,  (is  taken  froDi  the  table. 

,,,      *.>:5,  KM)// 
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Rule  11. —  To  find  the  horscpcnvcr  that  a  double  belt  ean 
transmit^  multiply  tof^ether  the  effective  pull  taken  from  the 
table,  the  width  of  the  belt,  and  its  velocity.  Dii^ide  the 
product  by  23, 100, 

Or  //-^llfZ 

23,100* 

Example  1. — What  width  of  double  belt  is  required  to  transmit 
20  horsepower,  the  arc  of  contact  on  the  smaller  pulley  bein^j  \\\i\  and 
ihe  s|)eed  of  the  belt  1,500  feet  per  minute  ? 

Solution. — According  to  Table  I,  the  effective  pull  is  31.3  pounds. 
Then,  by  rule  lO, 

^      23.100  X  20       ._.  .         . 

^=  1,500  X  31.3  =  ^^ '"- "^^"^y-     ^""- 

Example  2. — What  horsepower  can  be  transmitted  by  a  (>-inch 
double  belt  running  at  400  feet  per  minute  with  an  arc  of  contact  of  ISO  ? 

Solution. — According  to  Table  I,  the  effective  pull  is  3H.1  pounds. 
Applying  rule  11,  we  have 

„     38.1  X  6  X  400       .  __   _  ,         - 

H  = QQ      , =  4  H.  P.,  nearly.     Ans. 


THE  CARE  AND  USE  OF  BELT8. 

32.  Tjeatlier  Belts. — It  is  a  much  disputed  question  as 
to  which  side  of  the  belt  should  be  run  next  to  tlie  pulley. 
The  more  common  practice,  it  is  believed,  is  to  run  the  belt 
with  the  hair  or  grain  side  nearest  the  i)ulley.  This  side  is 
harder  and  more  liable  to  crack  than  the  flesh  side.  \\\ 
running  it  on  the  inside  the  tendency  is  to  cramp  or  com- 
press it  as  it  passes  over  the  pulley,  while  if  it  ran  on  tlur 
outside,  the  tendency  wotdd  be  for  it  to  stretch  and  (M*ack. 
The  flesh  side  is  the  tougher  side,  but  for  the  reason  jj:iven 
abov6  the  life  of  the  belt  will  be  l()nj2:er  if  the  wear  comes 
upon  the  grain  side.  The  lower  side  of  the  belt  should  be 
the  driving  side,  the  slack  side  runninjy  from  tlie  top  of  the 
driving  pulley.  The  sag  of  the  belt  will  then  cause  it  to 
encompass  a  greater  length  of  tlie  <  ircumference.  Long 
belts,   running  in  any  other  direction   than   vertical,   work 
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better  than  short  ones,  as  their  weight  holds  them  more 
firmly  to  their  work. 

It  is  bad  practice  to  use  rosin  to  prevent  slipping.  It 
gums  the  belt,  causes  it  to  crack,  and  prevents  slipping  for 
only  a  short  time.  If  a  belt,  in  good  condition,  persists  in 
slipping,  a  wider  belt  should  be  used.  Sometimes  larger 
pulleys  on  the  driving  and  driven  shafts  are  of  advantage,  as 
they  increase  the  belt  speed  and  reduce  the  stress  on  the 
belt.  Belts  may  be  kept  soft  and  pliable  by  oiling  them  once 
a  month  with  castor  oil  or  neatsfoot  oil. 

33.  The  Flapping:  of  Belts. — One  of  the  most  annoy- 
ing troubles  experienced  with  belting  of  all  kinds  is  the 
violent  flapping  of  the  slack  side.  Flapping  may  be  due  to 
any  one  of  several  causes,  or  to  a  combination  of  them. 
The  most  usual  cause  is  that  one  or  both  of  the  pulleys  run 
out  of  true.  The  belt  is  then  alternately  stretched  and 
released,  and  while  this  may  not  cause  flapping  at  one  speed, 
it  will  usually  do  so  at  a  higher  speed.  If  the  belt  is  rather 
slack,  tightening  it  somewhat  may  cure  or  alleviate  the  flap- 
ping. The  most  obvious  and  best  remedy,  but  the  most 
expensive,  is  to  turn  the  pulleys  to  run  true. 

Pulleys  being  out  of  line  with  each  other  are  another  pro- 
lific source  of  flapping,  especially  when  one  or  both  run  out 
of  true.  First,  bring  the  pulleys  in  line;  if  this  fails,  tighten 
the  belt  if  it  is  rather  loose.  If  no  improvement  is  noticed 
and  it  is  not  possible  to  turn  the  pulleys,  try  to  lower  the 
belt  speed  a  little,  either  by  the  substitution  of  smaller 
pulleys  or  by  changing  the  speed  of  the  driven  shaft,  accord- 
ing to  circumstances. 

With  belts  running  at  speeds  above  4,000  feet  per  minute, 
flapping  may  occur  when  the  pulleys  are  perfectly  true  and 
in  line  with  each  other,  even  when  the  belt  has  the  proper 
tension.  This  is  believed  to  be  due  to  air  becoming 
entrapped  between  the  face  of  the  pulley  and  the  belt.  At 
any  rate,  it  has  been  observed  that  perforating  the  belt  with 
a  series  of  small  holes  will  cure  this  trouble.  Perforated 
belts  may  now  be  bought  in  the  market. 
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Lack  of  steadiness  in  running,  due  either  to  sudden  varia- 
tions in  the  speed  of  the  engine,  or  sudden  changes  in  the 
load  of  the  machines  driven  by  the  belt,  will  produce  a  flap- 
ping that  it  is  almost  impossible  to  cure.  The  only  known 
cure  is  to  take  such  steps  as  will  insure  steady  running,  as 
for  instance,  increasing  the  weight  of  the  flywheel  on  the 
engine,  or  placing  a  flywheel  instead  of  a  pulley  on  the  driven 
machine. 

The  belt  not  being  joined  square  will  also  cause  flapping, 
especially  when  the  belt  is  running  at  a  rather  high  speed. 
The  remedy  is  to  unlace  or  unfasten  the  joint  and  make  it 
square. 

Tr)o  great  a  distance  between  the  pulleys  may  also  cause 
flapping.  In  general,  the  distance  between  the  pulleys 
should  not  exceed  15  feet  for  belts  up  to  4  inches  in  width; 
20  feet  for  belts  above  4  and  below  12  inches;  25  feet  for 
belts  above  12  inches  and  below  18  inches  ;  and  'M)  ft^et  for 
larger  belts.  The  distances  here  given  are  occasionally 
exceeded  considerably,  but  as  no  experiments  have  ever 
been  made  public  that  would  enable  a  fairly  correct  formula 
to  be  deduced  for  the  distance  between  pulleys  when  the 
belt  speed,  width  of  belt,  and  effective  pull  are  known,  they 
must  be  taken  as  representing  average  practice. 

A  horizontal  belt  is,  by  many,  considered  to  havt'  the 
proper  tension  when  it  has  about  1  inch  of  sag,  while  in 
motion,  for  every  8  feet  between  the  pulleys.  For  belts 
other  than  horizontal,  this  should  be  less,  there  being  no 
sag  at  all  for  vertical  belts. 


JOIXrWG  THE  ENDS  OF  RKLTS. 

34.  Lioclng. — The  ends  of  a  belt  may  i)e  joined  by 
/acvij^j  seiuing^  rivet ingy  or  ccjucuiinj^.  Many  ways  of  lacing 
belts  are  used.  A  very  satisfactory  method  for  belts  up  to 
J3  inches  in  width  is  shown  in  Fig.  K;.  Cut  the  ends  of  the 
belt  square,  using  a  sharp  knife  and  a  try  s([uare.  IHinch  a 
row  of  holes  according  to  the  width  <;f  the  belt,  punching 
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corresponding  holes  exactly  opposite  each  other  in  each  end 
of  the  belt,  using  3  holes  in  belts  up  to  2  inches  wide,  and 
5  holes  in  belts  between  2  and  3  inches  wide.     The  number 

of  holes  in  the  row  should  always 
be  uneven  for  the  style  of  lacing 
shown.  In  the  figure,  A  is  the 
outside  of  the  belt  and  B  the 
side  running  nearest  the  pulley. 
The  lacing  should  be  drawn  half- 
way through  one  of  the  middle 
holes  from  the  under  side,  as 
at  1\  before  going  any  further, 
it  is  well  to  see  to  it  that  the  belt 
has  no  twists  in  it,  or,  in  the  case 
of  a  crossed  belt,  that  it  has  not  been  given  a  wrong  twist. 
The  same  side  of  the  belt  should  run  over  both  pulleys, 
which  will  be  the  case  with  a  crossed  belt  if  it  has  been 
twisted  correctly.  Having  made  sure  that  the  belt  is  fair, 
pass  the  end  of  the  lace  on  the  upper  side  of  the  belt 
through  2  under  the  belt  and  up  through  3^  back  again 
through  2  and  3,  through  J/,  and  up  through  5,  where  an 
incision  is  made  in  one  side  of  the  lacing,  which  forms  a 
barb  that  will  prevent  the  end  from  pulling  through.  Lace 
the  right-hand  side  in  the  same  manner.  The  lacing  may 
advantageously  be  carried  on  at  once  to  the  right  and  left 
alternately. 


Fig.  16. 


35.  For  belts  wider  than  3  inches,  the  lacing  shown  in 
Fig.  17  is  a  good  one.  As  will  be  observed,  there  are  two 
rows  of  holes.  The  number  of  holes  in  the  row  nearest  the 
joint  should  exceed  by  one  the  number  of  holes  in  the 
second  row.  For  belts  up  to  4^  inches  wide,  use  3  holes  in 
the  row  nearest  the  joint  and  2  holes  in  the  second  row. 
For  belts  up  to  0  inches  wide,  use  4  and  3  holes,  respect- 
ively. For  larger  belts,  make  the  total  number  of  holes  in 
each  end  either  one  or  two  more  than  the  number  of  inches 
of  width,  with  the  object  of  getting  an  odd  total  number  of 
holes.     For  example,  for  a  10-inch  belt,  the  total  number  of 


holes  should  be  10  -f  I  =  11,     For  a  Zit-im-h  bell,  it  should 
be  13  +  2  =  15  holes.     The  outside  hales  of  the  first   row- 
should  not  lie  nearer  the  edyes  of  the  belt  than  J  inch,  trir 
should  the  first  row  be  nearer  the  joint  than  J  inch.     The 
second  row  should  be  at  least 
li  inches  from  the  end.     In 
(he   figure,   A   is   the  outside 
and   B   the    side   nearest   the 
pulley.     Begin  at  one  of  the 
center  holes  in  the  outside  n 
as  /,  and  continue  through  3, 
3,  i,  o,  6,  7,  4,  S,  2,  S,  etc. 

Another  method  is  to  begin 
the  lacing  on  one  side  instead 
of  in  the  middle.  This  method 
will  give  the  rows  of  lacing  on 
the  under  side  of  the  belt  the  ^"'  ''■ 

same  thickness  all  the  way  across.     The  lacing  should  not  be 
crossed  on  the  side  of  the  belt  that  runs  next  to  the  pulley. 

Lacing  affords  convenient  means  of  shorlening  belts  when 
they  stretch  and  of  increasing  their  tension.  If  the  belts 
are  at  all  large,  the  ends  of  the  belt  should  be  drawn  together 
by  belt  clamps. 

fl.  Cementing. — Cementing  makes  probably  the  best 
kind  of  a  joint  ever  devised.  It  has  the  serious  disadvantage, 
however,  that  the  stretch  of  the  belt  cannot  be  readily  taken 
up,  and,  hence,  tightening  pulleys  must  be  used  when  the 
ccnter-to-center  distance  of  the  pulleys  is  not  adjustable. 


In  dynamo  driving,  where  endless  belts  are  used  to  the 
exclusion  of  all  others,  the  dynamo  is  usually  mounted  on  a 
slide,  so  that  the  tension  of  the  belt  can  be  adjusted.  For 
a  cemented  joint,  the  ends  of  the  belt  should  Ije  pared  down 
with  3  very  sharp  knife  to  the  form  shown  in  Fig.  If*,  which 
shrius  n  form  that  is  recommended  by  belt  manufacturers. 


26  MACHINE  ELEMENTS.  §5 

Example. — If  the  radius  of  the  pulley  A,  Pig.  Ift.  is  20  inches,  of  C 
15  inches,  and  of  £  24  inches,  and  the  radius  of  the  drum  ^  is  4  inches. 
of  the  pinion  D  5  inches,  and  of  the  pinion  B  4  inches,  how  great 
a  weight  will  a  force  of  1  pound  applied  at  P  raise  ? 


— Applying  rule  13,  we  have 

1  X  20  X  15  X  24  =  IF  X  4  X  5  X  4. 

7.200 


»'  = 


0  lb.    Ans. 


40.  Although  the  combination  of  wheels  in  this  example 
cniiLlcs  the  lifting  of  a  wtight  !iO  times  as  great  as  the  force 
applied,  it  has  been  necessary  to  exert  the  force  through  a 
distance  90  times  the  height  through  which  the  weight  was 
raiscil.  It  is  a  universal  law  in  the  application  of  machines 
that  'i~.'!iiiif7'fr  tlurc  is  a  ffaiii  in  poit'cr  without  a  correspond- 
iii)^  incrensf  in  the  initial  forci',  t her f  is  a  loss  in  speed;  this 
is  true  of  any  machine. 
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the  teeth  are  usually  parallel  to  the  asis  of  the  wheel  or  to 
its  shaft. 

Gears  are  said  to  be  in  mesh  when  the  teeth  of  two  wheels, 
respectively,  engage  each  other  or  interlock. 

43.  In  Fig.  %\  is  shown  a  pair  of  bevel  Kears  in  mesh. 
Of  the  two  wheels  shown,  one  is  smaller  than  the  other; 
when  both  wheels  of  a  pair  of  bevel  gears  are  of  the  same 
diameter  they  are  called  miter  gears.     In  Fig.  'I'l  is  shown 


a  pair  of  mkur  gears  in  mesh.     It  is  obvious  that  the  angle 
that  the  tc-cth  of  these  gears  make  with  the  axis  of  the  shaft 

must  be  45''. 

4-4.    Of  a  ]niir  of  gtar-whwls  (cither  spur  or  bevel)  having 
different  diameters,  the  smaller  is  called  a  pinion. 


In  Fig.  23  is  shown  a  revolving  screw,  nr  worm,  as  it  is 
L-alled,  that  meshts  with  a  ivorm-wlieel.  It  in  used  lo 
tran^nit  motion  from  one  shaft 
i.i  another  at  right  angles  to  it. 

As  the  worm  is  nothing  else 
than  a  screw,  each  revolution 
given  to  it  will  rotate  the 
wheel  a  distance  equal  to  the 
pitch  of  the  worm;  conseiiucnt- 
ly,  if  there  are  4(1  teeth  in  the 
worm-wheel,  a  single-threaded 
worm  must  make  4i>  revolu- 
tions in  order  to  turn  the  wheel 
once. 

•43.  A  rack  is  a  straight 
har  that  has  gear-teeth  cut  on 
it.    It  may  he  considered  as  part  F'o,  ra. 

of  a  gear-wheel  in  which  the  diameter  is  infinitely  large.  The 
teeth  of  racks  are  proportioned  tiy  the  same  rules  as  those  of 
gear-wheels. 


TEETM  OP  GEAB-WIIEELS. 

40.  The  object  in  designing  the  teeth  of  gear-wheels 
should  be  to  so  shape  them  that  the  motion  transmitted 
will  be  exactly  the  same  as  with  a  corresponding  p;.ir  of 
wheels,  or  cylinders,  without  teeth  and  running  in  contact 
without  slipping.  Such  cylinders  are  called  pitch  eylluders, 
.ind  are  always  represented  on  the  drawing  of  a  gear-wheel 
by  a  line  called  the  pitch  clrt-lo  (see  Fig.  M).  The  pitch 
rircie  is  also  called  the  plich  Uiit'. 

The  diameter  of  the  pitch  circle  is  calitd  the  pltcli 
diameter.  When  the  word  "diameter"  is  app!it-d  U> 
gears,  it  is  always  understoiwl  to  mean  ihv pitrh  tlinnuftr. 
unless  especially  stated  as  the  ■"diameter  over  all"  or 
"diameter  at  the  root,"  
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47. 
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pitfh.  This  is  obtained  ry  divi-iini:  the  circumference 
(\irj''\  '\rr\*:)  \)\'  the  numrxrr  *d  teeth,  and  is  used  in  laying 
oir.  the  te'-th  of  larire  iirears  and.  als«:».  when  calculating 
th'-ir  -tr^m^rth. 

It  '.v  v.:ld  be  very  c'»nvenient  t'»  have  the  circular  pitch 
exf;re-v:d  in  manageable  numbers  like  1-inch,  }  inch,  etc. ; 
but  :i^  th':  circumference  <>f  a  gear  is  .*M416  times  its  diam- 
ct'  r.  this  requires  awkward  numbers  for  the  diameters. 
Thus,  a  wheel  of  Jo  teeth,  l-in«h  pitch,  would  have  a  cir- 
Mirnf'-rerue  ori  the  |»it(h  eir<!e  "f  4o  inches  and  a  diameter 
of  It.V't'i  inehes.  Of  the  two  it  is  more  convenient,  in  the 
great  majority  of  <  a>es,  to  have  the  diameters  expressed  in 
numbers  that  can  be  easily  handled.      In  order,  however,  to 


§  5  MACHINE  ELEMENTS.  31 

have  the  pitch  in  a  convenient  form  also,  a  pitch  has  been 
devised  that  is  expressed  in  terms  of  the  diameter  and  called 
the  tlianietral  pitch. 

The  diametral  pitch  is  not  a  measurement  like  the  circu- 
lar pitch,  but  a  ratio.  It  is  the  ratio  of  the  number  of  teeth 
in  the  gear  to  the  number  of  inches  in  the  diameter  ;  or^  it  is 
the  number  of  teeth  on  the  circumference  of  the  gear  for 
1  inch  diameter  of  the  pitch  circle.  It  is  obtained  by  divi- 
ding the  number  of  teeth  by  the  diameter. 

A  gear,  for  example,  has  (30  teeth  and  is  10  inches  in 
diameter.  The  diametral  pitch  is  the  ratio  of  GO  to 
10  =  j;|  =  0  ;  this  gear  would  be  called  a  ()-pitch  gear. 
From  the  definition  it  follows  that  teeth  of  any  particular 
diametral  pitch  are  of  the  same  size  and  have  the  same 
width  on  the  pitch  line,  whatever  may  be  the  diameter  of 
the  gear.  Thus,  if  a  12-inch  gear  has  48  teeth,  it  will  be 
4  pitch.  A  24-inch  gear  to  have  teeth  of  the  same  size  will 
have  twice  48,  or  96  teeth,  and  as  90  -4-  24  =  4,  has  the  same 
diametral  pitch  as  before. 

48.  Other  Definitions. — The  other  necessary  defini- 
tions applying  to  the  parts  of  a  gear  can  be  readily  under- 
stood from  Fig.  24.  The  thickness  of  the  tooth  and  the 
width  of  the  space  are  measured  (jn  the  pitch  circle.  A 
tooth  is  composed  of  two  parts,  the  {uldoiiduiii,  or  part 
outside  of  the  pitch  circle,  and  the  root,  which  is  inside. 

A  line  through  the  outside  end  of  the  addendum  is  called 
the  addendum  circle,  or  addenda  in  line,  and  one  throui2:h 
the  inside  part  of  the  root  is  called  the  root  elr<»Us  or 
root  line.  The  amount  by  which  the  width  of  the  sj)a(:e 
is  greater  than  the  thickness  of  the  tooth  is  calletl  the  back- 
lash, or  side  clearance. 

49.  Proportions  for  Ciear-Tceth. — With  gt^ars  of  large 
size,  and  often  with  cast  gears  of  all  sizes,  the  circular- 
pitch  system  is  used.  In  these  cases,  it  is  usual  to  have  the 
addendum,  whole  depth,  and  thi('kness  of  the  tooth  conform 
to  arbitrary  rules  based  on  the  circular  pitch. 
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The  usual  proportions  are  for  cast  gears:  Addendum 
=  .3  X  circular  pitch.  Root  =  ,4  X  circular  pitch.  Thick- 
ness of  tooth  =  ,48  X  circular  pitch. 

The  ^ears  most  often  met  with  are  the  cut  gears  of  small 
and  medium  size  like  those,  for  example,  on  machine  twils, 
which  are  almost  invariably  diametral-pitch  gears.  The 
teeth  are  cut  from  the  solid  with  standard  milling  cutters, 
proportioned  with  the  diametral  pitch  as  a  basis.  This  sys- 
tem is  also  coming  into  use  for  cast  gearing.  In  all  dia- 
metral-pitch gears,  the  addendum,  in  inches,  is  made  equal 
to  1  divided  by  the  diametral  pilch,  and  the  working  depth 
to  twice  the  addendum.  The  end  clearance  is  usually  taken 
equal  to  J  the  addendum  for  cut  gears,  though  The  Brown  & 
Sharpe  Manufacturing  Company  use  i\  the  thickness  of  the 
tooth  on  the  pitch  line  as  the  ulearance.  The  side  clear- 
ance, or  "backlash,"  is  barely  enough  to  give  a  good  work- 
ing fit,  and  seldom  exceeds  -^  the  pitch. 

Using  the  above  proportions,  a  4-pitch  gear  will  have  the 
addendum  =  1  -^  4  =  J  inch;  the  working  depth  will  be 
2  X  i=i  inch;  and  the  clearance,  if  made  ^  the  addendum, 
^  X  i  =  Vr  inch.  The  whole  length  of  the  tooth  will  be 
^  +  3^  =  ^^  inch.  The  thickness  of  the  tooth  will  be  one- 
half  the  circular  pitch,  nearly.  In  a  lO-pitch  wheel,  the 
addendum  will  be  ^  inch  and  the  length  of  the  tooth 
J  J  inch;  in  a  ••i^-pitch,  it  will  be  1 -;- 3|  =  |  inch  and  the 
length  ^  inch. 


POHMS  OF   OEAI 

50.  The  forms  of  teeth  used  in  ordinary  practice  form 
part  of  certain  curves  known  as  the  fpicyclotd,  hypocychid, 
and  iuvolute. 

51,  The  Eplcycloiaal  Tootli.— In  the  so-called  epicy- 
cloidal  tooth,  which  more  properly  is  called  a  cycloidat  tooth, 
the  face  of  the  tooth  is  part  of  an  epicycloid,  and  the  flank, 
part  of  a  hypocycloid. 
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An  eplcycloldal  curve  is  the  path  described  by  any  point 
of  a  circle  rolling,  without  slipping,  on  the  outside  of 
another  circle.  A  hypocyclold  is  the  path  described  by 
any  point  of  a  circle  rolling,  without  slipping,  on  the  inside 
of  another  circle. 

Epicycloidal  teeth  can  always  be  recognized  by  their 
appearance;  they  are  formed  by  two  curves  that,  com- 
mencing at  the  pitch  circle,  curve  in  opposite  directions. 
Fig.  25  clearly  exhibits  the  characteristic  tooth  form. 


-c^ 


Pig.  8& 

The  use  of  epicycloidal  teeth  is  being  gradually  aban- 
doned, as  they  possess  some  practical  defects,  the  chief 
defect  being  that  the  center-to-center  distance  of  the  two 
gears  must  be  practically  perfect  in  order  to  insure  a  uni- 
form velocity  of  the  driven  gear. 

52.  Involute  Teeth. — In  Fig.  *Zi)  is  shown  the  involute 
form  of  tooth,  which  is  composed  of  but  one  curve. 

The  Involute  is  the  path  described  by  any  ])oint  of  a 
string  that  is  being  wound  cm  or  off  a  cylinder,  the  cylinder 
being  stationary.  In  the  involute  system,  the  sides  of  the 
teeth  of  the  rack  are  straight  lines,  as  shown  in  Fig.  "20. 

Involute  teeth  have  two  great  advantages  over  epicycloi- 
dal teeth:  (1)  T/iej^  arc  stronger  for  the  same  pitchy  as 
they  are  thicker  at  the  root,     (2)     The  gears  may  be  spread 
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slightly  apart  so  tliat  their  pitch  circles  do  not  run  tangent  to 


Fig.  26. 


one  another^  without  affecting  the  perfect  action  of  the  teeth 
to  an  appreciable  extent. 


GEAR    CAIiCTJIiATIONS. 

53.  The  Clrciilar-Plt<jh  System. — For  calculating  the 
pitch  diameter,  number  of  teeth,  etc.  of  gear-wheels,  we 
have,  for  the  circular-pitch  system,  the  following  rules, 

where       P •=^  circular  pitch  in  inches; 
T  =  number  of  teeth ; 
D  =  pitch  diameter  of  the  gear  in  inches. 

54.  To  find  the  pitch  diameter  of  a  gear-wheel  in  inches, 
when  the  pitch  and  number  of  teeth  are  given: 

lliile  13. —  The  pitch  diameter  equals  the  product  of  the 
pitch  and  the  number  of  teeth  divided  by  8,14.16. 

FT 


Or. 


/>  = 


3.1410* 

ExAMPLK. — What  is  the  diameter  of  the  pitch  circle  of  a  gear-wheel 
that  has  75  teeth  and  whose  pitch  is  1.075  inches? 

Solution. — Applying  rule  13,  we  have 

1.675  X  75 


/;  = 


3.1410 


=  40  in.     Ans. 
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55.  To  find  the  number  of  teeth  in  a  gear-wheel  when 
the  diameter  and  pitch  are  given: 

Rule  14. — The  number  of  teeth  equals  the  product  of 
S.  1^16  and  t/ie  diameter  divided  by  the  pitch, 

^      3.141677 
Or,  T= -p — . 

I^XAMPLE. — The  diameter  of  a  gear-wheel  is  40  inches  and  the  pitch 
of  the  teeth  is  1.675  inches;  how  many  teeth  are  there  in  the  wheel  ? 

S<.)LUTioN. — Applying  the  rule  just  given,  we  have 

^       3.1418  X  40        rrK  ^      ^U         A 

T  =  — 5-3== —  =  75  teeth.     Ans. 
1.875 

56.  To  find  the  pitch  of  a  gear-wheel  when  the  diameter 
and  the  number  of  teeth  are  given : 

Rule  15. —  The  pitch  of  the  teeth  equals  the  product  of 
S.H16  and  the  diameter  divided  by  the  number  of  teeth, 

^                                   „      3.1416  Z) 
Or,  J^= J, — . 

E-XAMPLE. — The  diameter  of  a  gear-wheel  is  40  inches  and  it  has 
75  teeth;  what  is  the  pitch  of  the  teeth  ? 

Solution. — By  rule  15,  we  have 

^      3.1416  X  40      ^  _^  .        .    .        , 
P  = j^ =  I.ThT)  in.  pitch.     Ans. 

57.  The  Dlametral-Pltcli  System. — The  diameter  of 
the  gear-wheel,  the  number  of  teeth,  etc.  are  j^iven  by  tlie 
following  rules,  where  /^,  =  diametral  j)itch;  />,  — outside 
diameter;  iV=  number  of  teeth;  and  the  other  letters  have 
the  same  meaning  as  in  the  three  precedinj.!:  rules. 

58.  To  find  the  pitch  diameter  of  the  j:(ear-wheel  when 
the  number  of  teeth  and  the  pitch  are  given: 

Rule  16. — Divide  the  number  of  teeth  by  the  diametral 
pitch. 

Or,  D=^^ 
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ExAMPLB. — A  wheel  is  to  have  40  teeth,  4  pitch ;  what  is  its  pitch 
diameter  ? 

Solution. — By  applying  rule  16,  we  have 

/>  =  -J-  =  10  in.     Ans. 

4 

69,  To  find  the  diameter  over  all,  that  is,  the  diameter 
of  the  blank  from  which  the  gear-wheel  is  cut,  the  number 
of  teeth  and  the  diametral  pitch  being  given : 

Rule  17. — Add  2  to  the  number  of  teeth  and  divide  by  the 
diametral  pitch. 

Or  i?=^^^±^ 

Example. — In  the  last  example,  what  is  the  diameter  over  all  the 
blank  ? 

Solution. — Applying  the  rule  just  given,  we  get 

^       40  +  3      ,^,  .         . 
Do  =  — 7 —  =  10^  in.     Ans. 

60,  The  number  of  teeth  and  the  outside  diameter  of 
the  gear-wheel  being  known,  to  find  the  diametral  pitch  : 

Rule  18. — Add  2  to  the  number  of  the  teeth  and  divide  by 
the  outside  diameter. 


Or,  P,  = 


D. 


Example.— A  gear-wheel  has  60  teeth  and  is  6^  inches  in  diameter 
over  all ;  what  is  the  diametral  pitch  ? 

Solution. — By  applying  rule  18,  we  get 

l\i  =  — — —  =  10.     Ans. 

61,     To  find  the  diametral  pitch,  the  number  of  teeth 
and  the  pitch  diameter  being  known: 

Rule  19. — Divide  the  number  of  teeth  by  the  pitch  diam- 
eter, 

p„ = ^. 

ExAMPLK.— A  wheel  has  90  teeth  and  its  pitch  diameter  is  30  inches; 
what  is  the  diametral  pitch  ? 
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Solution. — By  rule  19,  we  get 

90 
Pd  =  57r  =  3.    Ans. 

oU 

63,  The  pitch  diameter  and  the  diametral  pitch  being 
given,  to  obtain  the  number  of  teeth : 

Rule  20. — Multiply  the  pitch  diameter  by  the  diametral 
pitch. 

Or,  N=DP^, 

Example. — How  many  teeth  are  there  in  a  gear-wheel  having  a 
pitch  diameter  of  36  inches  and  a  diametral  pitch  of  5  ? 

Solution. — Applying  the  rule  just  given,  we  get 

A^=  36  X  5  =  180  teeth.     Ans. 

63,  The  diameter  over  all  and  the  diametral  pitch  being 
given,  to  find  the  number  of  teeth : 

Rule  21. — Subtract  2  from  the  product  of  the  outside 
diameter  and  the  diametral  pitch. 

Or,  N=D^  t\  -  2. 

Example. — How  many  10-pitch  teeth  has  a  gear-wheel  having  an 
outside  diameter  of  8^  inches  ? 

Solution. — By  rule  21,  we  get 

A''=  8^  X  10  -  2  =  80  teeth.     Ans. 

64,  The  Standard  diametral  pitches  used  for  cut  ^ears 
are  as  follows:  2,  2^,  2^,  2J,  3,  3^,  4,  5,  (i,  T,  S,  '.^  lo,  11,  r>, 
U,  16,  18,  20,  22,  24,  26,  28,  30,  3->,  3r,,  40,  4s.  (k-ars  hav- 
ing a  diametral  pitch  differing  from  those  j:j:iven  here  are, 
usually,  either  very  large  or  very  small. 

65,  Diameters   and   Dlstanct^s   JJetween    Ceiitt^i's. — 

The  distance  between  the  centers  of  two  gear-wheels  being 
known  and  the  ratio  of  their  si)ceds,  the  diameter  of  the 
pitch  circle  of  the  smaller  wheel  is  given  by  the  following 
rule, 

where  A  =  center-to-center  distance ; 

R  =  revolutions  per  minute  of  large  gear; 
r  =  revolutions  per  minute  of  small  gear; 
d  =  pitch  diameter  of  small  gear. 
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Rule  22. — Multiply  twice  the  center -to-center  distance  by 
the  number  of  revolutions  of  the  large  gear^  and  divide  the 
product  by  the  sum  of  the  revolutiojis  of  the  large  and  small 
gear. 

Or,  ^=R  +  ?' 

Example. — Given,  the  distance  between  centers  =  5|  inches;  the 
small  gear  is  to  make  24  revolutions  for  every  8  revolutions  of  the 
large  gear.     What  is  the  diameter  of  each  gear  ? 

Solution. — By  rule  22, 

2  V  51  X  8 
d=  — t: — ^. —  =  2*  in.,  the  diameter  of  the  small  wheel. 
8  -h  24  * 

Then,  as  the  center  distance  is  equal  to  the  sum  of  the  radii  of  the 

2} 

two  wheels,  the  radius  of  the  large  wheel  is  6^  —  -^  =  4i  in.,  and  its 

diameter  is  4^  X  2  =  8^  in.     Ans. 

66.  Speed  and  Niiiiil>er  of  Teeth. — To  calculate  the 
number  of  teeth  or  the  speed  of  one  of  two  gear-wheels  that 
are  to  gear  together : 

Let  iV  =  number  of  revolutions  per  minute  of  the  driving 

wheel ; 
;/  =  number  of  revolutions  per  minute  of  the  driven 

wheel ; 
T  =  number  of  teeth  in  the  driving  wheel; 
/  =  number  of  teeth  in  the  driven  wheel. 

lliile  23. —  The  number  of  teeth  in  the  driving  wheel  equals 
the  product  of  the  number  of  teeth  and  number  of  revolutions 
of  the  driven  ichccl  divided  by  the  7iumber  of  revolutions  of 
the  driving  ivheel. 

Or,  r=^. 

Example. — The  driven  wheel  has  27  teeth  and  will  make  66  revolu- 
tions per  minute;  if  the  driving  wheel  makes  99  revolutions  per  min- 
ute, how  many  teeth  are  there  in  the  driving  wheel  ? 

Solution. — Applying  rule  23,  we  have 

7"  =  -  -7  -  -  =r  18  teeth.     Ans. 
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67.  The  number  of  revolutions  per  minute  of  the  driving 
wheel  and  the  driven  wheel  and  the  number  of  teeth  in  the 
driving  wheel  being  given,  to  find  the  number  of  teeth  in  the 
driven  wheel  : 

Rule  24. —  The  number  of  teeth  in  the  driven  lu heel  equals 
the  product  of  the  fiumber  of  teeth  and  revolutions  per  minute 
of  tlie  drivinjs^  wheel  diinded  by  the  number  of  revolutions  per 
minute  of  the  driven  wheel. 

Or,  /  = . 

n 

Example. — The  driving  wheel  has  18  teeth  and  makes  90  revolu- 
tions per  minute,  and  the  driven  wheel  must  make  66  revolutions  per 
minute ;  how  many  teeth  must  there  be  in  the  driven  wheel  ? 

Solution. — Applying  the  rule  just  given,  we  have 

t  =  ^^il^  =  27  teeth.     Ans. 

68,  The  number  of  teeth  in  the  driving  wheel  and  the 
driven  wheel  and  the  number  of  revolutions  per  minute  of 
the  driving  wheel  being  given,  to  find  the  number  of  revolu- 
tions per  minute  of  the  driven  wheel : 

Rule  25. —  The  number  of  revolutions  per  miuutc  of  tJic 
driven  zL*heel  equals  the  product  of  the  number  of  iccth  idkI 
number  of  revolutions  of  the  driviui^;  ichccl  divided  by  the 
number  of  teeth  of  the  driven  wheel. 

Or,  ;/  =  —^, 

Example. — There  are  18  teeth  in  the  drivinp^  wlu-el  and  it  makes 
99  revolutions  per  minute;  how  many  revolutions  per  minute  will  the 
driven  wheel  make  if  it  has  27  teeth  ? 

Solution. — Applying  rule  25,  we  have 

n  =  ^~-^  =  m  R.  P.  :M.     Ans. 

69,  The  number  of  teeth  in  the  drivinjj:  wheel  and  the 
driven  wheel  and  the  number  of  revolutions  ])er  minute  of 
the  driven  wheel  being  given,  to  find  the  number  of  revolu- 
tions per  minute  of  the  driving  wheel: 
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Rale  80. —  The  number  of  revolutions  of  the  driving  -w/ieel 
equals  till-  product  of  the  number  of  teeth  and  revolutions  of 
the  driven  wheel  divided  by  the  number  of  teeth  of  the  drixnug 
wheel. 


Or, 


N  = 


Example  1.— If  there  are  37  teeth  in  the  driven  wheel  and  if  it 
makes  06  revolutions  per  minute,  how  many  revolutions  per  minute 
will  the  driving  wheel  make  if  it  has  18  teelh  7 

Solution, — Applying  the  rule  just  give 


A': 


27: 


18 


i—  =  «9  R.  P.  M.     Ana. 


ExAHPLB  3. — In  Pig.  27.  the  crank-shaft  makes  00  revolutions  per 
minute ;  the  governor  pulley  is  4  inches  in  diameter ;  the  bevel  gear  on 
the  governor  pulley  shaft  has  19  teeth ;  the  bevel  gear  that  meshes 
with  it  and  drives  the  governor  has  30  teeth.  The  governor  is  to 
make  B5  revolutions  per  minute;  what  should  be  the  size  of  the  pulley 
on  the  crank-shaft? 


Solution. — First  detcrminL'  Ihe  number  of  revolutions  of  the  J^inch 
pulley   in  nrdtr  that   the  pivtrmir  shall  turn  65   times  per  minute. 

ApplyiiiK   rule   SO.  A'rr     "  =  ' — ttt—  —  I'™  revolutions   of  gear   on 

pulley  shaft  —  revohitions  of  governor  pulley.     Now,  applying  rule  3, 

the  diameter  of  the  pulley  on  the  crank-shaft  =  -^r  =  — ST"  ~  ^^  '"■ 
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Example  3. — In  Fig.  27,  the  flywheel  is  8  feet  in  diameter  and  drives 
a  5-foot  pulley  on  the  main  shaft.  A  14-inch  pulley  on  the  main  shaft 
drives  a  16-inch  pulley  on  the  countershaft.  A  12-inch  pulley  on  the 
countershaft  drives  a  12-inch  pulley  on  a  shaft  on  which  is  a  pinion 
that  meshes  into  a  large  gear  attached  to  the  face  plate  of  a  large  lathe, 
and  which  has  108  teeth.  How  many  teeth  must  the  pinion  have  in 
order  that  the  face  plate  may  make  9^  revolutions  per  minute  ? 

Solution. — Applying  rule  5,  to  find  the  revolutions  per  minute  of 

8  y  60 
the  main  shaft,  — -= —  =  96  R.  P.  M.     Applying  the  same  rule  again 

o 

to  find  the  revolutions  of  the  countershaft.  — r-^ —  —  84  R.  P.  M. 
Applying  it  once  more  to  find  the  revolutions  of  tlic  pulley  that 
turns  the  small  gear,  — ^ —  =  84  R.  P.  M.  Applymg  rule  23,  -—.  — 
=  12  teeth  in  pinion  or  driver.     Ans. 


EXAMPLES  FOR  PllACTICE. 

1.  The  driving  pulley  makes  110  R.  P.  M.  and  is  21  inches  in 
diameter  ;  what  should  be  the  size  of  the  driven  pulley  in  order  to 
make  385  R.  P.  M.  ?  Ans.  0  in. 

2.  The  main  shaft  of  a  certain  shop  makes  120  R.  P.  M.  It  is 
desired  to  have  the  countershaft  make  150  R.  P.  M.  There  are  on 
hand  pulleys  16  inches,  24  inches,  28  inches,  35  inches,  and  :js  inches  in 
diameter.    Can  two  of  these  be  used,  or  must  a  new  pulley  be  ordered  ? 

Ans.  Use  the  28-inch  and  )i5-inch  pulleys. 

3.  The  pinion  (driver)  makes  174  R.  P.  M.  and  the  follower 
24  R.  P.  M. ;  how  many  teeth  must  the  pinion  have  if  the  follower  has 
87  teeth?  Ans.   V2  teeth. 

4.  If  an  engine  flywheel  is  60  inches  in  diameter  and  makes 
160  R.  P.  M.,  what  must  be  the  diameter  of  the  pulley  on  the  main 
shaft  to  make  128  R.  P.  M.  ?  Ans.  H'2\  in. 

5.  What  is  the  pitch  diameter  of  a  gear  whose  circular  pitch  is 
1^  inches  and  has  28  teeth  ?  Ans.  1 1 . 1 1  in. 

6.  How  many  teeth  are  there  in  a  frt^ar  whose  circular  pit  eh  is 
.7854  inch  and  which  is  23  inches  in  diameter  ?  Ans.  \Vl  teeth. 

7.  What  is  the  circular  pitch  of  a  f?ear  whose  diameter  is 
20.372  inches  and  which  has  128  teeth  ?  Ans.  ii  in. 

8.  What  is  the  pitch  diameter  of  a  gear-wheel  having  SO  teeth. 
7  diametral  pitch  ?  Ans.   112  in. 

9.  What  is  the  over-all  diameter  of  a  gear-wheel  of  9  diametral 
pitch  and  47  teeth  ?  Ans.  5}  in. 
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10.  What  is  the  diametral  pitch  of  a  gear-wheel  having  90  teeth 
and  an  outside  diameter  of  5f  inches  ?  Ans.  16  pitch. 

11.  How  many  teeth  of  20  diametral  pitch  can  be  cut  in  a  gear- 
wheel having  an  outside  diameter  of  2^  inches  ?  Ans.  40  teeth. 

12.  If  the  center-to-center  distance  of  two  gear-wheels  is  6  inches 
and  the  small  gear  is  to  make  4  revolutions  for  1  revolution  of  the 
large  gear,  what  must  be  the  diameter  of  the  large  gear  ? 

Ans.  9.6  in. 

13.  In  a  pair  of  ^ear-wheels,  the  driver  has  48  teeth  and  the  driven 
wheel  56  teeth.  If  the  driven  wheel  makes  98  revolutions  per  minute, 
how  many  revolutions  must  the  driver  make  ?  Ans,  114J>  R.  P.  M. 

14.  In  a  train  of  gears,  the  drivers  have  16,  30.  24,  and  18  teeth, 
respectively ;  the  followers  have  12,  24,  36,  40  teeth,  respectively.  If 
the  first  driver  makes  80  R.  P.  M.,  how  many  R.  P.  M.  will  the  last  fol- 
lower make  ?  Ans.  40  R.  P.  M. 


FIXED   AND   MOVABIiE   IPJJUJEYQ. 

70,  Pulleys  are  also  used  for  hoisting  or  raising  loads,  in 
which  case  the  frame  that  supports  the  axle  of  the  pulley  is 
called  the  block. 

?!•  A  flxecl  pulley  is  one  whose  block  is  not  movable, 
as  in  Fig.  28.      In  this  case,   if  the  weight    IV  be  lifted  by 


Fir,.  28. 


Fig.  29. 


PIG.  80. 


pulling  down  /^,  the  other  end  of  the  cord  fFwill  evidently 
move  the  same  distance  upwards  that  P  moves  downwards; 
hence,  7^ must  equal  ll\ 
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JS.  A  moTikblc  pulley  is  one  whose  block  is  movable,  as 
in  Fig.  29.  One  «nd  of  the  cord  is  fastened  to  the  beam 
and  the  weight  is  suspended  from  the  pulley,  the  other  end 
of  the  cord  being  drawn  up  by  the  appli- 
cation of  a  force  P.  A  little  considera- 
tion will  show  that  if  Pacts  through  a 
certain  distance,  say  1  foot,  ly  will  move 
through  /la//  that  distance,  or  6  inches; 
hence,  a  pull  of  1  pound  at  P  will. lift 
'i  pounds  at  IV. 

The  same  would  also  be  true  if  the 
free  end  of  the  cord  were  passed  over  a 
fixed  pulley,  as  in  Fig.  30,  in  which  case 
the  fixed  pulley  merely  changes  the  direc- 
tion in  which  P  acts,  so  that  a  weight 
of  1  pound  hung  on  the  free  end  of  the 
cord  will  balance  2  pounds  hung  from 
the  movable  pulley. 

73.  A  combination  of  pulleys,  as 
shown  in  Fig,  31,  is  sometimes  used. 
In  this  case  there  are  three  movable 
and  three  fixed  pulleys,  and  the  amount 
of  movement  of  \V,  owing  to  a  certain 
movement  of  P,  is  readily  found. 

It  will  be  noticed  that  there  are 
6  parts  of  the  rope,  not  counting  the 
free  end;  hence,  if  the  movable  Dlock  be 
lifted  1  foot,  P  remaining  in  the  same 
position,  there  will  be  1  foot  of  slack  in 
each  of  the  ti  parts  of  the  rope,  or 
0  feet  in  all.  Therefore,  ("must  move 
ij  feet  in  order  to  take  up  this  slack,  or 
P  moves  G  times  as  far  as  W.  Hence, 
Pio.  «.  1  pound  at  ("will  support  6  pounds  at  W, 

since  the  force  multiplied  by  the  distance  through  ivhicli  it 
moves  equals  the  weight  multiplied  by  the  distance  through 
which  it  moves.  It  will  also  be  noticed  that  there  arc  three 
movable  pulleys,  and  that  3  x  3  =  U. 
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LAW  OF  COMBINATION  OF  PULLEYS. 

74r.  Role  27. — In  any  combination  of  pulleys  ivhcre  one 
continuous  rope  is  used^  a  load  on  the  free  end  will  balance  a 
iveight  on  the  moi'able  block  as  many  times  as  great  as  itself 
as  there  are  parts  of  the  rope  supporting  the  load^  7iot  cotinting 
the  free  end^  assuming  that  there  are  no  friction  losses. 

The  above  law  is  good  whether  the  pulleys  are  side  by 
side,  as  in  the  ordinary  block  and  tackle,  or  whether  they 
are  in  line  and  beneath  one  another. 

Example. — In  a  block  and  tackle  having  5  movable  pulleys,  how 
great  a  force  must  be  applied  to  the  free  end  of  the  rope  to  raise 
1,250  pounds,  assuming  that  there  are  no  friction  losses  ? 

Solution. — Since  there  are  5  movable  pulleys,  there  must  be  10  parts 

of  the  rof>e  to  support  them.     Hence,  according  to  the  above  law,  a 

force  applied  to  the  free  end  will  support  a  load  10  times  as  g^eat  as 

1  250 
itself,  or  the  force  =    *       =  125  lb.     Ans. 

76,  Frietlonal  liosses. — Owing  to  the  friction  of  the 
sheaves  and  the  friction  and  resistance  to  bending  of  the 
rope,  it  is  not  possible  to  move  a  weight  with  a  block  and 
tackle  by  applying  the  theoretical  force  calculated  by  the 
above  rule.  The  actual  pull  required  depends  on  such 
factors  as  the  condition  of  the  rope  and  the  friction  and 
number  of  the  sheaves.  By  experiment  it  has  been  deter- 
mined that  under  average  conditions  the  load  that  can  be 
raised  with  a  block  and  tackle  having  4  sheaves  will  average 
about  75  per  cent,  of  the  theoretical  load;  with  5  sheaves, 
about  70  per  cent. ;  with  0  sheaves,  about  ^^^  per  cent. ;  with 
7  sheaves,  about  ()3  per  cent. ;  and  with  8  sheaves,  about 
r>()  per  cent.  No  records  of  tests  with  a  larger  number  of 
sheaves  have  been  made  j)ublic,  but  it  is  fair  to  assume  that 
the  decrease  in  the  load  that  can  be  lifted  will  vary  in  about 
the  same  ratio. 

Lety^,  —  the  force  applied  at  the  free  end  of  the  rope; 

c  —  the  ratio  of  the  theoretical   to  the  actual  load 

corresponding  to  the  number  of  sheaves; 
;;/  —  the  number  of  movable  pidleys; 
/  =  the  load  to  be  raised. 
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Then,  the  force  that  is  actually  required  to  raise  a  given 
load,  may  be  found  approximately  by 

Rule  28. — Divide  100  times  the  load  by  the  product  of 
twice  the  number  of  movable  pulleys  and  the  number  of  per 
cent,  corresponding  to  the  number  of  sheaves  used. 

Or»  fa  =  -^ • 

'  ■^*'      2  mc 

Example. — In  an  ordinary  block  and  tackle  having  three  movable 
pulleys,  as  shown  in  Fig.  81.  how  great  a  force  must  actually  be  applied 
to  raise  2,000  pounds  ? 

Solution. — According  to  Art.  76,  c  may  be  taken  as  66,  there  beinjij 
6  sheaves.     Then  applying  rule  J38,  we  get 

.       100X2.000      _^,,  ,         . 

fa  =  2x8Xg6  ~  '  ^^^^^y-     -^'^^• 

76,  The  load  that  may  actually  be  raised  with  a  block 
and  tackle  will  be  approximately  given  by  the  following  rule: 

Rule  89. — Multiply  the  force  to  be  applied  to  the  free  end 
of  the  rope  by  twice  the  number  of  movable  pulleys  and  by 
the  number  of  per  cent,  correspojiding  to  the  number  of  sheaves 
used.     Divide  the  prodtict  by  100. 

Or  i^fai»!± 

^^'  100    • 

Example. — If  there  are  enough  men  pulling  on  the  free  end  of  the 
rope  of  a  block  and  tackle  having  two  movable  i)ulleys  to  exert  a  tnrm 
of  250  pounds,  what  weight  may  they  expect  to  raise  ? 

Solution. — ^There  being  4  sheaves,  by  Art.  75,  c  =  75.     Then  by 

rule  29, 

,      250X2X2X75      ^^^.  ,,        . 
/  = TTTTT =  750  lb.     Ans. 

77.  If  the  free  end  of  the  hauling  rope  passes  first  around 
a  stationary  sheave,  as  in  Fig.  31,  it  docs  not  make  any  dif- 
ference in  what  direction  in  the  plane  of  the  sheave  the  rope 
is  pulled.  If  it  passes  first  around  a  movable  sheave,  how- 
ever, as  in  Fig.  29,  the  pull  must  be  exerted  in  a  line  parallel 
to  the  line  of  action  of  the  resistance,  or  a  line  joining  the 
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centers  of  the  movable  and  stationary  sheaves,  in  order  tn 
obtain  the  maiimum  efifect.  If  the  rope  pulls  on  the  mov- 
able sheave  at  an  angle,  its  effect  will  be  a  displacement 
sideways,  instead  of  straight  up. 

78.  The  Weston  dlflfepentlal  pulley  block,  more  com- 
monly known  as  a  chain  hoist*  is  shown  in  Fig.  S'Z.  With 
the  help  of  this  device,  one 
man  can  hoist  a  load  far  be- 
yond what  can  be  done  with 
the  ordinary  block  and  tackle. 
There  are  two  pulleys  slightly 
dififerent  in  size  alongside  of 
each  other  in  the  stationary 
block  and  rigidly  connected 
so  as  to  turn  together.  An 
endless  chain  passes  over 
both  pulleys  and  supports 
the  movable  block  in  one  of 
its  bights.  The  other  loop, 
or  bight,  is  free  and  forms 
the  hauling  part.  This  kind 
of  a  pulley  block  possesses 
the  valuable  property  that 
the  load  can  be  stopped  any- 
where by  simply  ceasing  t" 
haul  on  the  hoisting  part  of 
Fi...  *j.  fh'..  3:1  the  free  loop. 

In  Fig.  ;i;!  tliL-  (litfLTt-ntial  pulley  block  is  shown  in  diii- 
granimatic  form.  Suppose  that  the  part  a  of  the  free  bight 
is  pulled  downwards,  that  is,  in  the  direction  of  the  arrow. 
Kvidt'Titly,  thf  up]K.T  ])ulleys  will  both  turn  in  the  direction 
<>{  the  hands  of  a  watch,  as  indicated  by  the  curved  arrow. 
Thfu.  the  left-hand  part  <)f  the  bight  supporting  the  mov- 
abli-  [lulli'v  will  innvc  upwards,  and  the  right-hand  part 
(li'wnwards.  Hut  as  the  large  and  small  pulley  of  the  upper 
block  muvf  together,  it  follows  that  the  left-hand  side  of 
the  bight    stippiirtiug   the  movable  sheave  will   run   faster 
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over  the  large  pulley  than  the  right-hand  side  of  the  bight 
will  run  downwards  over  the  small  pulley.  The  result  is 
that  the  upward  motion  of  the  movable  block  will  be  equal 
to  one-half  the  difference  of  the  distances  passed  over  in 
the  same  time  by  fixed  points  in  both  sides  of  the  bight. 

79,  Differential  chain  hoists  are  invariably  so  con- 
structed that  one  man  can  hoist  any  load  up  to  the  maximum 
capacity  of  the  hoists.  This  maximum  load  will  usually  be 
found  stamped  on  the  upper  block,  and  there  is,  hence,  no 
need  in  practice  of  calculating  the  force  that  must  be  exerted 
to  hoist  a  load  with  a  chain  hoist. 


EXAMPLES   FOR  PRACTICE. 

1.  In  a  block  and  tackle  with  two  movable  pulleys,  (a)  what  force 
will  be  required  to  lift  300  pounds,  assuming  that  there  are  no  friction 
losses  ?  {d)  What  force  may  be  expected  to  be  actually  required,  taking 
friction  into  account  ?  .        U<i)    To  lb. 

i  id)     100  lb. 

2.  A  man  weighing  120  pounds  throws  his  whole  weight  on  tlie  free 
end  of  the  rope  of  a  block  and  tackle  with  3  movable  pulleys.  What 
weight  can  he  raise,  {a)  assuming  that  there  are  no  friction  losses? 


(b)  taking  friction  into  account  ? 


Ans. 


(  {ii)    720  lb. 

\  {d)     475  lb.,  about 


THE  INCLINED  PLA:N^E, 

80,  An  Inclined  plane  is  a  slope,  or  flat  surface,  making 
an    angle  with    another 
surface  or  base  plane. 

81,  Three  cases  may  ^ 
arise  in  practice  with  an 

inclined  plane  having  a  V  /^^Iv  o 

horizontal  base  plane : 
(1)  Where  the  force  acts 
parallel  to  the  plane,  as  fig.  u. 


J.    1,-17 
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lib. 


Pig.  86. 


in  Fig.  34.     (2)  Where  the  force  acts  parallel  to  the  base, 
as  in  Fig.  35.     (3)  Where  the  force  acts  at  an  angle  to  the 

plane  or   to  the  base, 
^  ^  as  in  Fig.  36. 

^lb.l     c — ] — ^^^^^ 1 82.     Relation    Be- 

tween Force  and 
Welglit.— In  Fig.  34, 
the  relation  existing 
between  the  force  and 
the  weight  is  easily 
found.  The  weight  as- 
cends a  distance  equal 

to  c  d,  or  the  height  of  the  inclined  plane,  while  the  force 

acts  through  a  distance 

equal    to    a  b^    or    the  y(  o 

length   of   the    inclined 

plane.     Therefore, 

Rule  30. — To  find 
the  force^  nmltiply  the 
weight  by  the  height  of 
the  plane  ayid  divide  the 
produet  by  the  length 
of  the  plane.  To  find 
the  weight  that  can 
be  raised,  multiply  the 
force  by  the  length  of  the  plane  a?td  divide  this  product  by 
the  height  of  the  plane. 

Or,  let  P  —  force; 

/  =  length  of  the  plane; 
b  =  base  of  the  plane; 
//  =  height  of  plane ; 
IV  =  weight. 

PI 


Pig.  96. 


Then, 


P  —  — ;— and  IK  = 


Example  1. — The  length  of  an  inclined   plane  is  40  feet  and  its 
height  is  5  feet ;  what  force  is  required  to  sustain  a  weight  of  100  pounds  ? 
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Solution. — ^Applying  rule  80,  we  have 

P  =  12»><i ^  12* lb.    Ans. 

4U 

Example  2. — The  length  of  an  inclined  plane  is  8  feet  and  its  height 
is  15  inches;  what  weight  will  a  force  of  120  pounds  support  ? 

Solution. — Applying  the  rule  just  given, 

fK=i??-^-^  =  7681b.     Ans. 
15 

83.  In  Fig.  35,  the  force  is  supposed  to  act  parallel  to 
the  base  for  any  position  of  IV;  therefore,  while  IV  is  mov- 
ing from  the  level  ac  to  6,  or  through  the  height  cd  oi  the 
inclined  plane,  P  will  move  through  a  distance  equal  to 
the  length  of  the  base  ac.  When  the  force  acts  parallel  to 
the  base,  we  have 

Rnle  31. —  To  find  the  force  required^  multiply  the  tvcight  by 
the  height  of  the  plane  and  divide  the  product  by  the  length  of 
the  base  of  the  plane.  To  find  the  weiglit  that  can  be  raised, 
multiply  the  force  by  the  length  of  the  base  of  the  plane  and 
divide  the  product  by  the  height  of  the  plane. 

Or.  />=  -^  and  W=  ^* 

'  b  h 

Example  1. — With  a  base  80  feet  long  and  a  height  of  6  feet,  what 
force  will  sustain  a  weight  of  75  pounds  ? 

Solution. — By  rule  31, 

^  =  ^^^i^  =  15  lb.     Ans. 

Example  2. — A  force  of  12  pounds  sustains  a  weight  on  a  plane 
whose  base  is  6  feet  long  and  whose  height  is  \x  inches;  find  the 
weight. 

Solution. — ^Applying  the  rule  just  given,  we  have 

^=  1^^  =  48  lb.     Ans. 

For  Fig.  36,  no  rule  can  be  given.  The  ratio  of  the 
power  varies  as  the  position  of  If  varies;  it  may  be  deter- 
mined by  the  prineiple  of  the  resolution  of  forces.     As  \V 


^ 
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shins  its  pctsition,  the  angle  that  its  cord  makes  with  the 
face  of  the  plane  varies,  and  the  magnitude  of  the  force  P 
6.'&'^T^6s  en  this  an^'.e :  the  smaller  the  angle  the  less  is  P 
required  to  be  in  order  to  support  a  given  weight  on  a  given 
plane. 

S4.  Applications  of  the  Inclined  Plane. — The  wedge 
is  a  movable  inclined  plane  ihat  in  various   modifications 

serves  for  many  different 
\^  purposes.     In  the  form  of 

a  stake  wedge,  as  shown 
F:-  «^-  in   Fig.   37,   it  serves  to 

move  heavy  weights  or  to  se]>arate  closely  joined  pieces  of 
material.  In  the  form  of  a  cold  chisel  or  knife,  it  serves  to 
sever  substances.  In  the  form  of  a  key,  it  serves  to  move 
the  brasses  in  the  different  pin- joint  connections  of  a  steam 
engine.  Familiar  examples  of  inclined  planes  about  machin- 
ery are  the  keys  used  for  fastening  a  crank  to  the  crank- 
shaft or  a  pulley  to  the  shaft;  in  some  designs  of  cross- 
heads,  the  cotters  securing  the  crosshead  to  the  piston  rod 
are  an  example  of  an  inclined  plane;  as  are  also  the  ad- 
justable sh^^es  in  many  designs  of  crossheads  for  steam 
cnLrir.es. 

85.  Taper  of  Keys. — In  keys,  cotters,  and  stake  wedges, 
it  is  custMmary  to  express  the  inclinations  as  a  certain 
amount    per   l\»ot,    or 


taper  per  f«_K»t.     Thus,    \'\  |*J, 

in    Fiii:.   3>^,    the  incli-  -^V  . /_! 


nation  would  be  3  —  "2       ^ '^' i 

—  1  inch  in  12  inches,  Fig.  38. 

and  the  taper  would  be,  as  there  are  12  inches  in  a  foot, 

1  inch  per  foot.     The  taper  per  foot  can  be  ascertained  by 

the  followinj^  rule, 

where  a  =  the  large  diameter  in  inches; 

/;  —  the  small  diameter  in  inches; 
/  =  the  length  in  inches; 
T  =  taper  in  inches  per  foot. 
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Kule  32. — Subtract  the  small  diameter  from  the  large 
diameter^  multiply  the  remainder  by  12^  and  divide  the  prod- 
uct by  the  length  of  the  key. 


Or, 


{a-b)  12 
/        • 


Example. — A  key  measures  4  inches  at  the  large  end  and  3  inches 
at  the  small  end;  if  its  length  is  16  inches,  what  is  the  taper  per  foot ? 

Solution. — Applying  the  rule  just  given,  we  get 

(4-3)Xl2 


7^  = 


16 


=  \  in.  per  ft.     Ans. 


86,  Where  tapered  keys  are  used  for  adjusting  brasses, 
it  is  often  desirable  to  know  how  much  the  brasses  will  be 
closed  in  on  the  pin  by  a  given  movement  of  the  key,  or  how 
much  to  back  out  a  key  that  has  been  driven  home  until 
the  brasses  nip  the  pin,  the  clearance  between  the  brasses 
and  the  pin  necessary  for  satisfactory  running  having  been 
decided  on. 

Let       T  =  taper  in  inches  per  foot ; 

d  =  distance  the  key  is  driven  in  inches; 
X  =  amount  the  brass  is  moved  in  inches. 

Kulo  33. —  To  find  the  amount  the  brass  has  been  moved, 
multiply  the  taper  by  the  distance  the  key  is  driven  and  divide 
the  product  by  12,  To  find  hoiv  far  to  back  out  a  key, 
multiply  the  amount  the  brass  is  to  be  moved  back  by  1,1  and 
divide  by  the  taper. 


Or, 


;r  = 


Td       ,    ,      12, r 

and  d  = 


12 


T 


Example. — In  Fig.  39,  the  key  has  been  driven  home  until  the 
brasses  nip  the  pin;  it  has  been  deter- 
mined to  run  the  brasses  with  a  clearance 
of  ^  inch;  how  much  must  the  key  be 
backed  out,  its  taper  being  f  inch  per 
foot? 

Solution. — By  rule  33, 


._12XA_ 


=  ^  in.     Ans. 


Fig.  30. 


52  MACHINE  ELEMENTS.  §  5 

A  ready  way  of  measuring  the  distance  the  key  is  driven 
back  is  to  measure  from  the  top  surface  of  the  cotter  to  the 
upper  edge  of  the  key  while  the  key  is  home.  Add  the 
amount  the  key  is  to  be  driven  back,  and  move  it  until  a  rule 
shows  it  to  have  been  driven  the  right  amount.  This 
method  is  preferable  to  making  scriber  marks  on  the  flat 
sides  of  the  key,  as  there  is  no  liability  of  getting  mixed  up 
by  the  multiplicity  of  marks  sure  to  be  found  after  years 
of  service. 

87,  Keys  for  fastening  pulleys  to  shafts  in  order  to  cause 
them  to  rotate  together  belong  usually  to  one  of  the  three 
classes  shown  in  Fig.  40.  The  one  shown  at  ^z  is  a  concave 
key  that  is  hollowed  out  to  fit  the  shaft.  As  it  holds  the 
pulley  by  friction  alone,  it  is  only  suitable  for  light  work. 
In  case  such  a  key  slips,  its  holding  power  can  be  increased  a 
little  by  hollowing  out  its  concave  side  to  a  radius  smaller  than 


the  radius  of  the  shaft.  The  flat  key  is  shown  in  Fig.  40  at  b\ 
a  flat  surface  is  cut  on  the  shaft,  and,  consequently,  the  key 
is  more  effective  than  the  concave  key,  as  far  as  slipping 
under  a  rotative  strain  is  concerned.  The  sunk  key  shown  in 
Fig.  40  at  c  is  the  most  effective,  since  it  is  impossible  for 
the  pulley  to  turn  on  the  shaft  without  shearing  off  the  key. 
Keys  for  fastening  pulleys,  etc.  are  usually  given  a  taper  of 
from  i  to  ^  inch  per  foot. 


EXA>rPLKS   FOR  PRACTICE. 

1.  An  inclined  plane  is  30  feet  long  and  7  feet  high;  what  force  is 
required  to  roll  a  barrel  of  flour  weighing  196  pounds  up  the  plane,  the 
friction  being  neglected  ?  Ans.  45.7  lb. 


thremlofthc 
The  distanut:  that  a 
point  on  the  helix  is 
drawn  back    or  ad- 
vanced in  the  direc- 
tion of  the  length  of 
the  screw  during  one 
turn    is    called    the 
plteli  of  the 
.j»       The  screw  in  Fig.  il 
Y^~}-  is  turned  in  a  nut  a 
'  by  means  of  a  force 

|^«cA  applied  at  the  end  of  the  handle  P.    For 
one  complete  revolution  of  the  handle, 
the  screw  will   be  advanced  lengthwise 
an  amount  equal  to  the  pitch.      If  the 
nut  is  fixed  and  a  weight  placed  upon 
the  end  of  the  screw,  as  shown,  it  will 
be  raised  vertically,  by  one  revolution 
of  the  screw,  a  distance  equal  to  the 
pitch.   During  this  revolution,  the  force 
at  P  will  move  through  a  distance  equal 
to  the  circumference  of  a  circle  whose 
radius  is  PF.     Therefore,  IV  X  pilc/t  of  thread  =  /*  X  cir- 
mference  of  circle  through  which  P  moves. 
89.     Owing  to  the  friction  between  the  nut  and  the  s 
ind  between  the  pivot  of  the  screw  and  its  cap,  1 
1  raised  with  a  screw,   or  the  force  tl 
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exerted  by  it  in  the  direction  of  its  axis,  is  far  less  than  that 
calculated  on  the  assumption  that  friction  does  not  exist. 
The  friction  depends  on  the  pitch,  the  condition  of  the 
thread  on  the  screw  and  in  the  nut,  and  the  nature  of  the 
lubricant. 

From  a  long  series  of  experiments,  Mr.  Wilfred  Lewis  has 
deduced  a  formula  for  determining  a  factor  by  which  to 
multiply  the  weight  that  could  be  raised  if  there  were  no 
friction,  so  as  to  determine  the  probable  actual  weight  that 
can  be  raised. 

Let  d  =  diameter  of  screw  in  inches ; 
/  =  pitch  in  inches; 
E  =  the  number  by  which  to  multiply  the  theoretical 

weight  in  order  to  obtain  the  approximate  actual 

weight. 

Rule  34. — Add  the  diameter  of  the  screw  to  the  pitch  and 
divide  the  pitch  by  this  sum  ;  the  quotient  so  obtained  will  be 
the  factor  by  which  to  multiply  the  theoretical  iveight  in  order 
to  determine  the  approximate  actual  weight. 

Or  /r  — __^._ 

Example. — With  a  screw  having  4  threads  to  the  inch  and  2  inches 
in  diameter,  what  is  the  factor  by  which  to  determine  how  much  of  the 
theoretical  load  can  probably  be  raised  ? 

Solution. — Since  there  are  4  threads  per  inch,  the  pitch  is  1  h-  4.  or 
\  inch.     Then  applying  rule  34,  we  get 

E  =  -—-—:  —  .\\.     Ans. 

^  » 

IM).  The  weight  that  can  be  lifted  when  friction  is 
neglected,  or  the  force  that  can  be  exerted  by  a  screw  when 
a  given  force  is  exerted  on  the  lever,  is  given  by  the  follow- 
ing rule, 

where   ir=  weight  or  force  exerted  by  the  screw; 
P  z=  force  applied  to  the  end  of  the  lever; 
/  =  pitch; 

r  =  distance  from  the  axis  of  the  screw  to  the  point 
of  application  of  the  force  P. 
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Bule  36. — Multiply  the  force  applied  to  the  lever ^  in  pounds^ 
by  the  distance  of  its  point  of  application  from  the  axis  of  the 
screWy  in  inches^  and  multiply  this  product  by  6.2832  ;  divide 
the  result  by  the  pitch  in  inches  and  the  quotient  will  be  the 
theoretical  force  that  will  be  exerted  by  the  screw, 

^                                   „.      6.2832  Pr 
Or,  IV= . 

91,  To  find  the  theoretical  force  that  must  be  applied  to 
the  lever  to  raise  a  given  weight  or  to  exert  a  given  force : 

Ralo  36. — Multiply  the  weight  or  given  force  by  the  pitch 
and  divide  this  product  by  the  product  of  6,2832  and  the  dis- 
tance from  the  axis  of  the  screzu  to  the  point  on  the  lever 
where  the  force  is  applied. 

Or  P=.      ^^^ 

'  6.2832  r 

92,  To  obtain  the  probable  actual  weight  that  may  be 
raised,  multiply  the  result  obtained  by  rule  35  by  the  value 
obtained  from  rule  34.  To  obtain  the  probable  force  that 
must  be  applied  to  the  lever  in  order  to  lift  a  given  weight, 
divide  the  result  obtained  from  rule  30  by  the  value  obtained 

from  rule  34. 

•I 

Example  1. — A  screw  jack  has  a  screw  1 J  inches  diameter  with 
5  threads  to  the  inch.  If  a  man  pulls  at  the  end  of  the  lever  14  inches 
from  the  axis  with  a  force  of  40  pounds,  what  weight  may  he  expect  to 
raise  ? 

Solution. —    6  threads  per  inch  =  J-inch  pitch. 

,    oBf    Txr      6.2832x40x14      ^«  ,-,„> 
By  rule  36,  W^= ^ —  =  17,593  pounds,  nearly. 

By  rule  34,  ^=.    '^    =  .1,  nearly. 

Then,  as  just  stated,  the  probable  weight  that  may  be  raised  is 

17,593  X  .1  =  1,759.3  lb.     Ans. 

Example  2. — The  pull  that  an  ordinary  man  can  exert  at  the  end  of 
a  lever  is  usually  taken  at  40  pounds;  would  it  be  possible  for  one  man 
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to  raise  a  weight  of  3  tons  with  a  jack-screw  having  4  threads  to  the 
inch  and  Zi  inches  in  diameter  when  the  longest  lever  available  is 
M  inches  ? 


6.3832x24 


=  0.9  pounds,  nearly. 


By  rule  34, 


i      _ 


Then,  as  just  stated,  the  probable  actual  force  required  ts  9.B, 
9.9  -1-  .091  =  109  pounds,  about,  or  more  than  a  single  man  may  be 
expected  to  exert  steadily.    Ans. 


SCREWS  L'SED  AS  FASTKNINGB. 

93.  Iti  machine  construction,  screws  are  used  more  fre- 
quently as  fastening  devices  than  as  a  means  of  transmitting 
motion  or  producing  pressure.  Screws  used  as  fastening 
devices  may  be  divided  into  two  general  classes,  which  are 
distinguishable  from  each  other  by  the  form  of  thread  used; 
(l)  Metal  screu'S,  or  screws  intended  to  be  screwed  into 
metals.     (2)   Wood  scrczi-s,  or  screws  intended  for  wood. 

94.  Moial  screws  have  either  a  sharp  V  thread  or  the 
United  States  standard  thread  shown  in  Fig.  42.     In  the 


latter,  as  also  in  the  sharp  V  thread,  the  sides  of  the  thread 
form  a  un'  angle.  In  the  United  States  standard  thread, 
the  thread  is  flattened  at  the  top  and  bottom,  as  shown  in 
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the  figure.     The  advantage  of  this  is  that  it  makes  a  stronger 
screw  for  equal  pitches  and  diameter. 

95,  Metal  screws  are  divided  by  the  trade  into  viachinc 
bolts y  capscrewSy  and  machine  scretvs, 

96,  In  machine  bolts,  or  bolts,  for  short,  one  of  which 
is  shown  in  Fig.  43  (^),  the  shank  and  head  are  left  rough, 
or  just  as  they  come  from  the  bolt-heading  machine. 
Machine  bolts  are  regularly  made   in   lengths  varying  by 


(b) 


Fig.  43. 


half  inches  from  1^  to  8  inches.  Above  8  inches  and  up 
to  20  inches  the  length  varies  by  whole  inches.  The  length 
of  a  machine  bolt  is  always  measured  under  the  head,  as 
the  distance  /  in  Fig.  43  {a). 

97,  The  standard  diameters  in  which  machine  bolts  are 

regularly  made  are  i,  ^V»  h  tV»  i»  A»  h»  ''L  i  'i"<^^  1  i^^^h. 
Sizes  differing  from  these  are  special  and  can  only  be  obtained 
on  special  order.  By  the  diameter  of  a  bolt  is  always  meant 
its  diameter  over  the  top  of  the  thread.  Machine  bolts  can 
be  obtained  with  either  hexagonal  or  sc^uare  heads  and  with 
hexagonal  or  square  nuts. 

98,  Capscreivs,  one  of  which  is  shown  in  Fig.  43  {b), 
are  bolts  with  either  hexagonal  or  square  heads ;  they  have 
the  shanks  turned  and  the  heads  finished  all  over  by  milling 
and  turning.  Unlike  machine  bolts,  they  are  usually  fur- 
nished without  nuts,  unless  especially  ordered. 

99,  Machine  bolts  and  capscrews  are  made  with  a  pitch 
of  thread  corresponding  to  the  United  States  standard 
thread,  as  shown  in  Table  II. 
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TABLE   II. 


STAXDARD 


PER   INCH. 


Diameter. 
Inches. 


Threads  per 
Inch. 


Diameter. 
Inches. 


Threads  per 
Inch. 


i 

20 

U 

7 

iV 

18 

n 

6 

i 

16 

u 

6 

tV 

14 

If 

5^ 

i 

13 

H 

5 

iV 

12 

n 

5 

1 

11 

2 

H 

i 

10 

H 

H 

i 

9 

n 

4 

1 

8 

H 

4 

u 

7 

1 

3 

3^ 

The  only  deviation  from  this  table  of  threads  is  in  ^-inch 
square  and  hexagonal  capscrews,  where  the  usual  number 
of  threads  for  a  sharp  V  thread  is  12  per  inch  instead  of  13, 
as  called  for.  Capscrews  are  usually  furnished  with  a 
sharp  V  thread,  but  can  now  be  obtained  with  the  United 
States  standard  thread.  Machine  bolts  usually  have  the 
United  States  standard  thread  and  the  number  of  threads 
per  inch  called  for  in  the  table. 


KM).     Machine  scre\vs  are  small  screws  with  a  slotted 
head.     They  are  known  to  the  trade  as  ^a/  hcads^  shown  in 

Fig.  44  (a) ;  rotind heads ^  shown 
in  Fig.  44  {Jb)\  buttoji  heads, 
shown  in  Fig.  44  {e)^2LXidi  fillister 
heads,  shown  in  Fig.  44  (d). 


C^      QD 


(a) 


(h)  (c) 

Fig.  44. 


101.     Screws    for    uniting 
metals  are  made  in  a  variety 
of  forms  that  differ  from  those  here  shown  to  suit  special 
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conditions.  Some  of  these  are  setscrews,  carriage  bolts, 
tire  bolts,  boiler  patch  bolts,  elevator  bolts,  etc.  Most  of 
these  can  only  be  obtained  on  special  order,  although  some 
of  the  more  common  sizes  may  be  found  in  stock. 

10!3.  Wood  screws  are  either  flat  headed  or  round 
headed,  with  a  slotted  head.  When  wood  screws  have  a 
square  head  for  a  wrench,  instead  of  a  slot  for  a  screw- 
driver, they  are  known  as  lagscrews^  or  coach  screws. 


VELOCITY  RATIO  KS\i  EFFICIENCY. 

103.  By  the  term  velocity  ratio  is  meant  the  ratio  of 
the  distance  through  which  the  force  acts  to  the  corre- 
sponding distance  the  weight  moves.  Thus,  if  the  force  acts 
through  a  distance  of  12  inches  while  the  weight  moves 
1  inch,  the  velocity  ratio  is  12  to  1,  or  12,  that  is,  /*  moves 
12  times  as  fast  as  W. 

If  the  velocity  ratio  be  known,  the  weight  that  any  machine 
will  raise,  under  the  assumption  that  there  are  no  frictional 
resistances,  can  be  found  by  multiplying  the  force  by  the 
velocity  ratio.  If  the  velocity  ratio  is  8.7  to  1,  or  8.7, 
^^=  8.7  X  P,  since  ^Fx  1  =  8.7. 

104,  In  any  machine,  the  force  actually  required  to 
raise  a  weight  or  overcome  a  resistance  is  ahcays  greater 
than  the  quotient  obtained  by  dividing  this  zccight^  or  resist- 
ance^ by  the  velocity  ratio  of  the  machine. 

Thus,  if  there  were  no  friction,  a  machine  whose  velocity 
ratio  was  5  would,  by  an  application  of  100  pounds  of  force, 
raise  a  weight  of  500  pounds.  Now,  suppose  that  the  fric- 
tion in  the  machine  is  equivalent  to  10  pounds  of  force ;  then, 
it  would  take  110  pounds  of  force  to  raise  500  pounds. 

If  in  the  above  illustration  friction  were  neglected,  we 
would  have  110  lb.  X  5  =  ooO  lb.  as  the  weight  that 
JIG    pound?   would    raise  ;    but    owing    to    the    frictional 
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resistance,  it  only  raised  500  pounds.    Then,  we  have  for  the 

500 
ratio  between  the  two,  — —  =  .91.    That  is,  500  :  550 ::  .91  :  1. 

5oO  • 

105*  Efllelency. — ^The  ratio  between  the  weight  actu- 
ally raised  and  the  force  multiplied  by  the  velocity  ratio 
is  called  the  effldeney  of  the  machine.  For  example,  if 
the  weight  actually  raised  by  a  machine,  say  a  screw,  is 
1,CW  pr^unds,  and  the  force  multiplied  by  the  velocity  ratio 
is  2,4^X)  pr^unds,  the  efficiency  of  this  machine  is  HH  =  .66f, 
or  60|  per  cent. 

Example. — In  a  machine  having  a  combination  of  pulleys  and  gears, 
the  velocity  ratio  of  the  whole  is  9.75;  a  force  of  250  pounds  just  lifts 
a  weight  of  1,826  pounds;  what  is  the  efficiency  of  the  machine  ? 

1  026 
Solution.— Efficiency  =        *  =  .6671  or  66.71  per  cent.    Ans. 

Since  the  total  amount  of  friction  varies  with  the  load, 
it  follows  that  the  efficiency  will  also  vary  for  different 
loads. 

106.  If  the  efficiency  of  a  machine  is  known,  the  force 

actually  required  to  raise  a  given  load  may  be  found  by 

dividing  the  load  by  the  product  of  the  velocity  ratio  of  the 

machine  and  the  efficiency.     Thus,  if   a    certain    machine 

has  a  velocity  ratio  of  10.0  and  its  efficiency  is  60  per  cent., 

the  force  that  must  actually  be  applied  to  raise  a  load  of 

840 
840  pounds  is  — — —  =  132.1  pounds,  nearly.      If  there 

have  been  no  losses  through  friction,  etc.,  the  force  required 
will  be  840  -^  lO.G  =  79.25  pounds,  nearly. 

107,  If  the  efficiency  is  known,  the  weight  that  a  cer- 
tain force  will  raise  may  be  found  by  multiplying  together 
the  force,  velocity  ratio,  and  the  efficiency.  Thus,  if  a  cer- 
tain machine  has  a  velocity  ratio  of  6^  and  an  efficiency 
of  78  per  cent.,  a  force  of  140  pounds  will  raise  a  weight  of 
140  X  0^  X  .78  =  709.9  pounds. 
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EXAMPLES  FOR  PRACTICE. 

1.  The  distance  from  the  axis  of  a  screw  to  the  point  on  the  handle 
where  the  force  is  applied  is  12  inches.  The  screw  has  8  threads  per 
inch  and  is  1  inch  in  diameter,  (a)  What  force  is  necessary  to  raise  a 
weight  of  1,348  pounds,  assuming  that  there  is  no  friction  ?  (^)  What 
probable  force  will  be  required?  .        \  {a)    2.07  lb.,  nearly. 

'  i  (fi)     19  lb.,  about. 

2.  What  weight  can  actually  be  raised  w^ith  a  screw  jack  having  a 
screw  1^  inches  in  diameter  and  6  threads  jxir  inch,  when  a  man  is 
pulling  with  a  force  of  40  pounds  at  the  end  of  a  bar  W  inches  long  ? 

Ans.  2.K38  lb.,  about. 

8.     In  example  2,  what  is  the  velocity  ratio  ?  Ans.  608,  nearly. 

4.     In  example  2,  what  is  the  efficiency  ?  Ans.  11 J  per  cent. 
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ELEMENTS  OF 
ELECTRICITY  AND  MAGNETISM. 


rNTKODUCTIOI^. 

1.  Electricity  is  the  name  given  to  the  cause  of  all 
electrical  phenomena.  The  word  is  derived  from  a  Greek 
word  meaning  amber ^  that  substance  having  been  observed 
by  the  Greeks  to  possess  peculiar  properties  which  we  now 
understand  to  be  due  to  electricity. 

Although  electrical  science  has  advanced  sufficiently  far 
to  recognize  the  fact  that  the  exact  nature  of  electricity  is 
unknown,  yet  recent  research  tends  to  demonstrate  that  all 
electrical  phenomena  are  due  to  a  peculiar  strain  or  stress 
of  a  medium  called  ether ;  that  when  in  this  condition  the 
ether  possesses  potential  energy  or  capacity  for  doing  icork\ 
as  is  manifested  by  attractions  and  repulsions,  by  chemical 
decomposition,  and  by  luminous,  heating,  and  various  other 
effects. 

In  all  probability,  electricity  is  not  a  form  of  matter 
because  it  does  not  possess  most  of  the  ordinary  j)ruj)ertics 
of  matter.  Electricity,  itself,  is  not  a  form  of  cntri^y, 
though  energy  may  be  necessary  to  move  it  under  certain 
conditions,  and  electricity  in  motion  is  capable  of  performinj^; 
work. 

Note. — ^This  section  is  the  same  as  thai  formerly  entitled  Jh-namos 
and  Motors^  Part  1. 

For  notice  of  the  copyright,  scu  page  imincdiutuly  fulluwint^  the  title  page. 
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Electrical  science  is  founded  upon  the  effects  produced  by 
the  action  of  certain  forces  upon  matter,  and  all  knowledge 
of  the  science  is  deduced  from  these  effects.  The  study  of 
the  fundamental  principles  of  electricity  is  an  analysis  of  a 
series  of  experiments  and  the  classification  of  the  results  in 
each  pxarticular  case  under  general  laws  and  rules.  It  is  not 
necessary  to  keep  in  mind  any  hypothesis  of  the  exact  nature 
of  electricity:  its  effects  and  the  laws  which  govern  them 
are  quite  similar  to  th«>5e  of  well-known  mechanical  and 
natural  phenomena  and  will  be  best  understood  by  compar- 
ison. The  two  most  essential  features,  therefore,  in  acquir- 
ing a  knowledge  of  the  electrical  science  are :  first,  to  learn 
how  to  develop  electrical  action ;  and,  second,  to  determine 
the  effects  produced  by  it. 

2.  The  number  of  processes  for  developing  electrical 
action  is  almost  innumerable,  but  the  most  important  can 
be  classified  under  one  of  the  following  general  heads: 

{a)  By  the  contact  of  dissimilar  substances. 

(^)  By  chemical  action. 

(c)  By  the  application  of  heat. 

((/ )  By  magnetic  induction. 

3.  The  i)rcscnct:  of  electricity,  also,  can  be  detected  in 
manv  different  wavs;  under  certain  conditions,  it  will 

(ii)  Cause  attractions  and  repulsions  of  light  particles  of 
matter,  such  as  feathers,  pith,  gold-leaf,  pieces  of  paper, 
etc. 

(/;)  Decompose  certain  forms  of  matter  into  their  various 
elements  and  cause  other  chemical  changes. 

(c)  Produce  motion  in  a  freely  suspended  magnetic 
needle,  such  as  the  needle  of  a  compass. 

((/)  Violently  aj:jitate  the  nervous  system  of  all  animals, 
causini^  a  sliook. 

(i)     Heat  the  substances  through  which  it  acts. 

These  art-  the  princij)al  effects  produced  by  the  action  of 
(dectricity ;  others  (A  less  importance  will  app>ear  from  time 
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to  time  during  the  study  of  the  differunl  braiuhes  of  the 
aciencc. 

4.     Electricity  may  either  appear  to  reside  upon  the  sur- 
face of  bodies  as  a  oluir;^,  under  kigk  prtisure  ur  ttnsion,   \ 
or  flow  through  their  substance  as  a  carrent,  under  com- 
paratively /t'w  firfssur^  oT  tension. 

That  branch  of  the  science  which  treats  of  charges  upon 
the  surface  of  bodies  is  termed  eleptrostatles,  and  the 
charges  are  said  to  be  static  chnrKcs  of  electricity. 

Blectrwiyuaiulns  is  that  branch  which  treats  of  the 
action  of  electric  currents. 


STATIC  CHAROKS. 

5.  When  a  glass  rod  ur  a  piece  of  amber  is  rubbed  with 
silk  or  fur  the  parts  rubbed  will  have  the  property  uf 
attracting  light  particles  of  matter,  such  as  pieces  of  silk, 
wool,  feathers,  gold-leaf,  pith,  etc.,  which,  after  momentary 
contact,  are  repelled.  These  attractions  and  repulsions 
are  caused  by  a  static  charge  of  electricity  residing  upon 
the  surface  of  those  bodies.  A  body  in  this  condition  is  said 
to  be  electrified. 

A  better  experiment  for  demonstrating  this  action  is  to 
suspend  a  small  pith-ball  by  a  silk  thread  from  a  support  or 
bracket,  as  shown  in  Fig,   1.     If 
a   static   charge   of    electricity   be 
developed  on  a  glass  rod,  by  rub- 
bing it  with  silk,  and  the  rod  be 
brought    near   the    pith-ball,    the 
ball  will  be  attracted  to  the  rod. 
but,    after     momentary    contact, 
will  be  repelled.      By  this  contact 
the  ball  receives  a  charge  ol    the 
same  nature  as  that  on  the  yhss 
rod,  and  as  long  as  the  Iwn  bodits    ■ 
retain  their  charges,  mutual  rcpul 
siun  will  take  place  whenever  they 
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are  brought  near  each  other.  If  a  stick  of  sealing-wax, 
electrified  by  being  rubbed  with  fur,  is  approached  to 
another  pith-ball,  the  same  results  will  be  produced,  i.  e., 
the  ball  will  fly  towards  the  sealing-wax,  and  after  contact 
will  be  repelled.  But  the  charges  respectively  developed  in 
these  two  cases  are  not  in  the  same  condition.  For  if,  after 
the  pith-ball  in  the  first  case  had  been  touched  with  the  glass 
rod  and  repelled,  the  electrified  scaling-iuax  be  brought  in 
the  vicinity,  attraction  would  take  place  between  the  ball 
and  the  sealing-wax.  Conversely,  if  the  pith-ball  be  charged 
with  the  electrified  sealing-wax,  it  will  be  repelled  by  the 
wax  and  attracted  by  the  glass  rod. 

An  electric  charge  developed  upon  glass  by  rubbing  it 
with  silk  has  been  termed,  for  convenience,  a  positive  (+) 
charge,  and  that  developed  on  resinous  bodies  by  rubbing 
with  flannel  or  fur,  a  negative  (— )  ebargre. 

Neither  a  positive  nor  a  negative  charge  is  produced 
alone,  for  there  is  always  an  equal  quantity  of  both  charges 
produced,  one  charge  appearing  on  the  body  rubbed  and 
an  equal  amount  of  the  opposite  charge  upon  the  rubber. 

The  intensity  of  the  charge  developed  by  rubbing  the  two 
substances  together  is  independent  of  the  actual  amount  of 
friction  which  takes  place  between  the  bodies.  For,  in 
order  to  obtain  the  highest  possible  degfree  of  electrification, 
it  is  only  necessary  to  bring  every  portion  of  one  surface 
into  intimate  contact  with  every  particle  or  every  portion 
of  the  other;  when  this  is  dcme,  no  extra  amount  of  rubbing 
can  develop  any  greater  charge  upon  either  substance. 

O,  From  the  foregoing  experiments  are  derived  the  fol- 
lowing laws: 

WJun  ti^'o  dissimilar  substances  arc  placed  in  contact,  one 
of  tlu'JH  ahcays  assumes  the  positive  and  the  other  the  nega- 
tive condition^  although  the  amount  may  sometimes  be  so  small 
as  to  render  its  detection  very  difficult. 

lileetrified  bodies  i<nth  similar  charges  are  mutually  repel- 
lent,  while  electrified  bodies  with  dissimilar  charges  are 
mutually  attractive. 
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7.  In  the  following  list,  called  the  electric  series,  the 
substances  are  arranged  in  such  order  that  each  receives 
di  positive  charge  when  rubbed  or  placed  in  contact  with  any 
of  the  bodies  following  it,  and  a  negative  charge  when  rubbed 
with  any  of  those  which  precede  it: 

1.  Fur.  6.   Cotton.  11.  Sealing-wax. 

2.  Flannel.  7.   Silk.  12.  Resins. 

3.  Ivory.  8.  The  body.  13.  Sulphur. 

4.  Crystals.  9.  Wood.  14.  Gutta-percha. 

5.  Glass.  10.   Metals.  15.  Guncotton. 

For  example,  glass  when  rubbed  with  y>/r  receives  a  nega- 
tive charge,  but  when  rubbed  with  silk  it  receives  a  positive 
charge. 


CONDUCTORS    AND    NON-CONI)i:CTORS. 

8.  Only  that  part  of  a  dry  glass  rod  which  has  been 
rubbed  will  be  electrified;  the  other  parts  will  produce 
neither  repulsion  nor  attraction  when  brought  near  a  sus- 
pended pith-ball.  The  same  is  true  of  a  piece  of  scalinq;- 
wax  or  resin.  These  bodies  do  not  readily  conduct  electricity ; 
that  is,  they  oppose  or  resist  the  passage  of  electricity  through 
them.  Therefore,  it  can  only  reside  as  a  charge  upon  that 
part  of  their  surface  where  it  is  developed.  Experiments 
show  that  when  a  metal  receives  a  charge  at  any  point,  the 
electricity  immediately  passes  or  flc)ws  through  its  substance 
to  all  parts.  Metals,  therefore,  are  said  to  be  «:<>o<l  con- 
ductors of  electricity.  Bodies  have  aceordingly  been 
divided  into  two  classes,  i.  e.,  non-eoiiductoi's,  or  insu- 
lators, or  those  bodies  which  offer  a  very  high  resistance 
to  the  passage  of  electricity,  and  c*on<liictoi*s,  or  those 
bodies  which  offer  a  comparatively  low  resistance  to  its 
passage.  This  distinction  is  not  absolute,  for  all  bodies 
conduct  electricity  to  some  extent,  while  there  is  no  known 
substance  which  does  not  offer  some  resistance  to  the  flow  of 
electricity. 


ELEMENTS  OF 


§« 


In  giving  the  following  list  and  dividing  the  different 
substances  into  two  classes,  it  should  be  understood  that  it 
is  done  only  as  a  guide  for  the  student.  Between  these  two 
classes  are  many  substances  which  might  be  included  in 
either  list,  and  no  hard  or  fast  line  can  be  drawn. 

Silver, 


Copper, 
Other  Metals, 
Charcoal, 
Ordinary  Water, 
The  Body. 

Paper, 

Oils, 

Porcelain, 

Wood, 

Silk, 

Resins, 

Gutta-percha, 

Shellac, 

Ebonite, 

Paraffin, 

Glass, 

Dry  Air,  etc. 


•-  Conductors. 


NoN-CoNDUCTORS 
OR 

Insulators. 


EIiECTRODY:XAMICS. 

9.  In  dealing  with  electric  currents^  the  word  potential 
will  be  substituted  for  the  general  and  vague  phrase  elec- 
trical condition. 

The  \,^rv(\ potential^  as  used  in  electrical  science,  is  analogous 
with  pressure  in  gases,  head  in  liquids,  and  temperature 
in  heat. 

When  an  electrified  body  positively  charged  is  connected 
to  the  earth  by  a  conductor,  electricity  is  said  to  flow  from 
the  body  to  the  earth;  and,  conversely,  when  an  electrified 
body   negatively   charged    is   connected   to  the   earth   in   a 
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similar  manner,  electricity  is  said  to  flow  from  the  earth  to 
that  body.  This  is  called  the  direction  of  flow  of  an 
electric  current.  That  which  determines  the  dirtctioH  of 
fiou'H  the  relative  f/i-cfnt^a/ /lofmfia/,  or  pressure,  of  the  two 
charges  in  regard  to  the  earth. 

It  is  impossible  to  say  with  certainty  in  which  direction 
electricity  really  flows,  or,  in  other  words,  to  declare  which 
of  two  points  has  the  higher  and  which  the  lower  electrical 
potential,  or  pressure.  All  that  can  be  said  with  certainty 
is  that  when  there  is  a  difference  of  electrical  potential,  or 
pressure,  electricity  tends  to  flow  from  the  point  of  higher 
to  that  of  the  lower  potential,  or  pressure. 

For  convenience,  it  has  been  arbitrarily  assumed  and  con- 
ventionally adopted  that  that  electrical  condition  called /cj/- 
ti'i'e  is  at  a  higher  potential,  or  pressure,  than  that  called  nega- 
tive, and  that  electricity  tends  to  ^nw  from  a  positively  to 
a  negatively  electrified  body. 

The  zero  or  normal  level  of  water  is  taken  as  that  of  the 
surface  of  the  sea,  and  the  normal  pressure  of  air  and  gases 
as  that  of  the  atmosphere  at  the  sea  level;  similarly,  there 
is  a  sero  potential,  or  pressure,  of  eleetricily  in  the  earth 
itself.  The  earth  may  be  regarded  as  a  reservoir  of  elec- 
tricity of  infinite  quantity,  and  its  potential,  or  pressure, 
may  therefore  be  taken  as  zero. 

The  electrical  condition  called  positive  is  assumed  to  be  at 
a  higher  potential,  or  pressure,  than  the  earth,  and  that  callwl 
negative  is  assumed  to  be  at  a  lower  potential,  or  pressure, 
than  the  earth. 


lO.  It  must  be  understood  that  electricity  is  a  condition 
of  matter,  and  not  matter  itself,  for  it  possesses  neither 
weight  nor  dimensions.  Consequently,  the  statement  that 
electricity  is _^oit'/w^ through  a  conductor  must  not  betaken 
too  literally;  it  must  not  l>e  supposed  that  any  material  sub- 
stance, such  as  a  liquid,  is  actually  passing  through  the  con- 
ductor in  the  same  sense  as  water  flows  through  a  pipe.  The 
statement  that  electricity  is  flowing  through  a  co.nductor  is 
only  another  way  of  expressing  the  fact  that  the  conductor 
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and  the  space  surrounding  it  are  in  different  conditions  than 
usual  and  that  they  possess  unusual  properties.  The  action 
of  electricity,  however,  is  quite  similar  in  many  respects  to 
the  flow  of  liquids,  and  the  study  of  electric  currents  is  much 
simplified  by  the  analogy. 

11.  In  order  to  produce  what  is  called  an  electric  cur- 
rent, //  is  first  necessary  to  cause  a  difference  of  electrical 
potential  between  tivo  bodies  or  between  two  parts  of  the  same 
body. 

It  was  stated  that  when  two  dissimilar  substances  are 
simply  placed  in  contact,  one  always  assumes  the  positive 
and  the  other  the  negative  condition;  or,  in  other  words, 
a  differ e7ice  of  electrical  potential  is  developed  between  the  two 
bodies. 

Placing  a  piece  of  copper  and  zinc  in  contact  will  develop 
a  difference  of  electrical  potential  which  can  easily  be 
detected.  The  same  results  will  follow  if  the  plates  are 
slightly  separated  from  each  other  and  placed  in  a  vessel 
containing  saline  or  acidulated  water,  leaving  a  small  por- 
tion of  one  end  of  each  plate  exposed.  The  exposed  ends  of 
the  zinc  and  copper  are  now  electrified  to  different  degrees, 
or,  in  other  words,  there  is  a  difference  of  electrical  potential 
between  them,  one  plate  being  at  a  higher  potential  than 
the  other. 

When  the  exposed  ends  are  connected  by  any  conducting 
material,  the  potential  between  the  plates  tends  to  equalize 
and  a  momentary  rush  or  discharge  of  electricity  passes 
between  the  exposed  ends  through  the  conductor,  and  also 
between  the  submerged  ends  through  the  liquid.  During  its 
passage  through  the  liquid,  the  electricity  causes  certain 
chemical  changes  to  take  place;  these  chemical  changes 
cause  in  their  turn  a  fresh  difference  of  potential  between 
the  plates,  which  is  followed  immediately  by  another  equal- 
izing discharge,  and  that  by  a  further  difference,  and  so  on. 
These  changes  follow  one  another  with  great  rapidity — so 
rapidly,  in  fact,  that  it  is  impossible  to  distinguish  them  apart, 
and  they  appear  absolutely  continuous.     The  equalizing  flow 
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which  is  constantly  taking  place  from  one  plate  to  the  other 
is  known  as  a  eonrtnucms  current  of  electricity.  Conse- 
quently, an  electric  current  becomes  continuous  when  the 
difference  of  potential  is  constantly  maintained. 

By  the  use  of  a  very  delicate  instrument,  the  submerged 
end  of  the  copper  is  found  to  be  electrified  with  a  negative 
charge,  while  the  submerged  end  of  the  zinc  is  electrified 
with  a  fiosilive  charge.  The  direction  of  the  current,  there- 
fore, will  be  from  the  submerged  end  of  the  zinc  through 
the  liquid  to  the  submerged  end  of  the  copper,  and  from 
the  exposed  end  of  the  copper  to  the  exposed  end  of  the 


13.  A  si  in  pic  voltaic,  or  gralvnnlc,  cell.  Fig.  2,  is  an 
apparatus  for  developing  a  continuous  current  of  electricity. 
It  consists  essentially  of  a  vessel  containing  saline  or  acid- 
ulated water  in  which  are  submerged  two  plates  of  dissimi 
lar  metals,  or  one  metal  and  a  metalloid  (as,  for  instance, 
carbon). 

Elcctrolj-te  is  the  name  given  to  the  liquid,  which,  as  it 
transmits  the  current,  is  decomposed  by  it. 

The  two  dissimilar  metals, 
when  sp<)ken  of  separately,  are 
called  voltnlc,  or  e»lvaiilc. 
elcmciit-s;  and,  when  taken 
collectively,  are  known  as  a 
voltaic  (HMiple. 

A  voltaic,  or  Kolvanlc,  Iwt- 
tcrj-  \f-  a  number  of  simple  cells 
properly  joined  together. 

Electrodes,    or    polea,    of   a 
cell  or  battery  are  metallic  ter- 
minals  or  connectors  attached  vxu  . 
to  the  exposed  ends  of  the  plates,  and  are  used  to  connect 
the  cell  or  battery  to  any  exterior  conductor  ur  to  another 
cell  or  batltry, 

It  -should  he  remembered  that  the  polarity  of  the  sub- 
merged ends  of  the  plates  is  always  of  opposite  sign  toi 
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of  their  electrodes.  For  example,  in  the  case  of  the  zinc- 
and-copper  couple,  the  electrode  fastened  to  the  zinc  would 
be  spoken  of  as  the  negative  electrode  of  the  cell,  while  the 
zinc  itself  would  be  the  positive  element  of  the  cell,  its  sub- 
merged end  being  />ositi7'e. 

In  any  voltaic,  or  galvanic,  couple,  the  element  which  is 
acted  upon  by  the  electrolyte  will  always  be  the  positive 
element  and  its  electrode  the  negative  electrode  of  the 
cell. 

13.  The  following  list  of  voltaic  elements  composes 
what  is  called  the  electromotlvo  series : 

1.  Zinc.  5.  Iron.  10.  Silver. 

2.  Cadmium.  G.  Nickel.  11.  Gold. 

3.  Tin.  7.  Bismuth.  12.  Platinum. 

4.  Lead.  8.  Antimony.  13.  Graphite. 

9.  Copper. 

Any  two  of  these  metals  form  a  voltaic  couple  and  pro- 
duce a  difference  of  potential  when  submerged  in  saline  or 
acidulated  water,  the  one  standing  first  on  the  list  being  the 
positive  element  or  plate,  and  the  other  the  negative.  For 
example,  if  nickel  and  graphite  are  used,  the  nickel  will  be 
acted  upon  by  the  liquid  and  will  form  the  positive  element ; 
but  if  nickel  and  zinc  are  used,  the  zinc  will  be  acted  upon 
by  the  liquid  and  hence  will  be  the  positive  element. 

The  difference  of  potential  will  be  greater  in  proportion 
to  the  distance  between  the  positions  of  the  two  substances 
in  the  list.  For  example,  the  difference  of  potential  devel- 
oped between  zinc  and  graphite  is  much  greater  than  that 
developed  between  zinc  and  nickel ;  in  fact,  the  difference  of 
potential  developed  between  zinc  and  graphite  is  equal  to  the 
difference  of  potential  developed  between  zinc  and  nickel 
plus  that  developed  between  nickel  and  graphite. 

Electricity  flowing  as  a  current  differs  from  static  charges 
in  three  important  degrees — namely,  (1)  its  potential  is 
much  lower;  (2)  its  actual  quantity  is  greater;  and  (3)  it  is 
continuous. 
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A  substance  charged  from  a  slr()ng  voliaif  battery  jms- 
sesses  the  property  of  attracting  light  substances  in  only 
the  slightest  degree;  in  fact,  the  attractions  can  only  be 
iletected  with  the  most  delicate  instruments.  The  potential 
of  a  current  of  electricity  is  comparatively  so  small  that  a 
voltaic  battery  composed  of  a  large  number  of  cells  is  not 
sufficient  to  produce  a  spark  more  than  one  or  two  one-hun- 
drcdths  of  an  inch  long  in  air,  whereas  a  small,  rapidly 
moving  leather  belt  will  sometimes  produce  static  sparks  of 
more  than  an  inch  in  length.  The  length  of  the  spark 
affords  a  means  of  estimating  potentials,  a  high  potential 
being  capable  of  producing  a  longer  spark  than  a  low  poten- 
tial ;  but  the  length  of  spark  gives  us  no  means  of  estimating 
the  current  strennth  or  quantity  of  electricity  flowing. 
The  actual  quantity  of  electricity  is  measured  by  the  amount 
of  water  it  will  decompose.  Gauged  by  this  standard,  the 
quantity  of  electricity  produced  by  a  voltaic  cell  no  larger 
than  a  thimble  would  be  found  greater  than  that  from  a 
largr,  rapidly  moving  belt  giving  static  sparks  several  inches 
in  length. 

1-4.  There  are  three  different  methods  of  connecting  or 
grouping  the  cells  in  a  voltaic  battery:  In  series;  in  par- 
allel, or  multiple-arc;  in  multiple-series. 

Cells  are  connected  la  series  when  the  positive  electrode 
of  the  first  cell  is  connected  to  the  negative  electrode  of  the 
second,  and  the  positive  electrode  of  the  second  is  connected 
to  the  negative  electrode  of  the  third,  and  so  on,  as  shown 
in  the  diagram.   Fig.  3.     In 

,hi.  wc  h.,e  adopted  the  K^^^p^^^^,^ 
usual  signs  for  representing  i        ■        i        i 

a  cell,   the  short,  broad  line  ^'"  "■    . 

representing  the  positive  electrode  of  the  cell  and  the  long, 
narrow  line  the  negative  electrode.  In  this  method  of  con- 
necting or  grouping  cells,  when  the  negative  electrode  of 
the  first  cell  is  connected  to  the  positive  electrode  of  the 
last  by  some  exterior  conductor,  the  total  current  produced 
will  flow  successively  through  each  cell.     This  method  of 
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grouping  is  used  when  there  is  available  a  large  number  of 
A^Tt'-potential  cells  and  a  high  potential  is  desired,  as  in  long 
telegraph  lines  or  any  other  ///^//-resistance  circuit. 

15.     Cells  are  connected  in  parallel,  or  multiple-arc, 

when  the  positive  electrodes  of  all  the  cells  are  connected  to 
one  main  positive  conductor  and  all  the  negative  electrodes 
are  connected  to  one  main  negative  conductor,  as  shown  by 

the   diagram.    Fig.    4.     In 

"^^^^       W  %*  W  W  j|r  W        parallel,     or     multiple-arc, 

>t     >i     >1     W     >J     >^        grouping,    only   a    part   of 

V^  the  total  current  flowing  in 

main  conductors  will  pass 
through  each  cell.  This  method  of  grouping  is  used  when 
it  is  desired  to  obtain  a  strong  current  from  a  number  of 
cells  (when  the  external  re-  ^,.._j^5«__«^__^.,^__ 
sistance  is  loid)^  as  in  electro-   f  (j,-  Jj,-  ^,- 

plating.  '*  *^^'  ^^'  ^^' 


^^     ^-^t  %t 


Pig.  6. 


16.  Cells  are  connected 
in   multiple-series  by   ar 

ranging  them  in  several 
groups,  each  group  being  composed  of  several  cells  connected 
in  series,  and  then  connecting  all  the  groups  together  in 
parallel,  or  multiple-arc,  as  sho\fn  in  the  diagram,  Fig.  5. 
This  method  is  used  where  both  a  higher  potential  and  a 
stronger  current  are  required  than  any  one  cell  of  the  group 
will  give. 

cmciTiTS. 

17.  A  eircult  is  a  path  composed  of  a  conductor  or  of 
several  conductors  joined  together,  through  which  an  elec- 
tric current  flows  from  a  given  point  around  the  conducting 
path  back  again  to  its  starting  point. 

A  circuit  is  l)roken,  or  open,  when  its  conducting  ele- 
ments are  disconnected  in  such  manner  as  to  prevent  the 
current  from  flowing. 

A  circuit  is  closed,  or  complete,  when  its  conducting 
elements  are  so  connected  as  to  allow  the  current  to  flow. 
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A  circuit  in  which  the  earth,  or  ground,  forms  part  of  the 
conducting  path  is  called  an  earth,  or  a  fjci*<>im<Iocl,  circuit. 

The  external  circuit  is  that  part  of  a  circuit  which  is 
outside  or  external  to  the  electric  source. 

The  Internal  circuit  is  that  part  of  a  circuit  which  is 
included  within  the  electric  source. 

In  the  case  of  the  simple  voltaic  cell,  the  internal  circuit 
consists  of  the  two  metallic  plates,  or  elements,  and  the 
electrolyte;  an  external  circuit  would  be  a  wire  or  any  con- 
ductor connecting  the  free  ends  of  the  electrodes. 


18.  Conductors  are  said  to  be  connected  In  series  when 
they  are  so  joined  together  as  to  allow  the  current  to  pass 
consecutively  through  each. 
For  example,  Fig.  6  repre- 
sents a  closed  circuit  con- 
sisting of  a  simple  voltaic 
cell  B  and  four  conductors 
rt,  ^,  c^  and  d  connected  /// 
series. 

A  circuit  which  is  divided 
into  two  or  more  branches, 
each  branch  transmitting  part  of  the  main  current,  is  a 
derived,  or  shunt,  eircuit,  and  the  separate  brant  lu-s  arc 
said  to  be  connected  in  parallel,  or  niiiltipU»-are.  An 
example  of   a  derived  circuit  of    two  branches   in  parallel 

is  shown  in  Y\^.  T.  Thcr 
main  current  flows  first 
through  the  conductor  r^ 
then  (livi(h'S  between  the 
branches  c  and  /',  and  final- 
ly unites  and  conij)letes  \\\v. 
circuit  throu<^h  the  con- 
ductor^/, the  two  branches 
c  and  h  being  the  condm^tors  whit  h  are  conntM^ted  in  par- 
allel^ or  multiple-arc.  The  way  the  (Hirrent  dividt^s  and  how 
the  amount  which  will  flow  throuj^h  the  branches  h  and  c 
is  determined  will  be  treated  of  later. 


ft    ^ 
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MAGNETISM. 

19,  "Maffnets  are  substances  which  have  the  property 
of  attracting  pieces  of  iron  or  steel,  and  the  term  inn«m(.'i- 
Ism  is  applied  to  the  cause  of  this  attraction.  Ma^mtism 
exists  in  a  natural  state  in  an  ore  of  iron,  which  is  known  in 

magnetic  oxide  of  iron,    or  magnetite.      This 

:  was  first  found  by  the  ancients  in  Magnesia. 

a  city  in  Asia  Minor;   hence,  substances   pos- 

L  sessing  this  property  have  been  called  magnets. 

[t  was  also  discovered  that  when  a  small  bar 

[  of  this  ore  is  suspended  in  a  horizontal  position 

by  a  thread,  it  has  the  property  of  pointing  in 

a  north  and  south  direction.     From  this  fact 

the  name  lodestone — leading-stone — was  given 

to  the  ore. 

When  a  bar  or  needle  of  hardened  steel  is 

rubbed  with  a  piece  of  lodestone,  it  acquires 

magnetic   properties   similar   to   those   of  the 

lodestone  without  the  latter  losing  any  of  its 

own  furce.     Such  bars  are  called  artlflclal  magnets. 

Artificial  magnets  which  retain  their  magnetism  for  a 
long  time  are  called  permanent  ma^rnets. 

The  common  form  <)f  artificial,  or  permanent,  magnet. 
Fig.  S,  is  a  bar  of  steel  bent  into  the  shape  of  a  horsesfiof 
and  then  hardened  and  magnetized.  A  piece  of  soft  iron, 
called  an  arnintnrf,  iir  a  keepei-,  is  placed  across  the  two 
free  ends,  which  helps  to  prevent  the  steel  from  losing  its 
magnetism. 

20.  If  ;t  bar  magnet  is  dipped  into  iron  filings,  the 
filings  are  attracted  toward  the  two  ends  and  adhere 
there  in  tufts,  while  toward  the  center  of  the  bar,  half  way 
between  the  two  ends,  there  is  no  such  tendency.  (See 
Fig.  it.)  That  part  of  the  magnet  where  there  is  no  appar- 
ent magnetic  atlractlon  is  called  the  neutral  line,  and 
the  parts  around  the  two  ends  where  the  attraction  is  great- 
est are  called    polos.     An    imaginary  line    drawn    through 
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ihecenierof  the  magnet  from  end  to  end,  connecting  the 
tw"  [wics  liigflhtT,  is  calk'd  Iht;  uxls  of  niUKnotlNni. 


pAompass  i-onsists  uf  a  magnetizt.'d  stei-1  i 
resting  upon  a  fine  point,  so  as  to  turn  frct-ly  i 
plane.     When    not    in    the   vicinity    of 
other  magnets  or  magnetized  iron,  t 
needle  will  always  come  to  rest  with  one 
end  pointing  towards  the  north  and  the 
other  towards  the  south.     The  end  point- 
ing   northward    is   the    nortli-seekliiB 
pole,  or,  simply,  the  north  pole,  and  tht- 
iipposite  end  is  the   sontU-seeklns  or  '""■  "' 

south  pole.     This  polarity  applies  as  well  to  all  magnets. 

If  the  ttorllt  poll-  of  one  magnet  is  brought  near  the  south 
l>oU  oi  another  magnet,  attraction  takes  place;  Init  if  two 
ni>rth  poles  or  two  south  pules  are  brought  together,  they 
repel  each  other.  In  general,  like  magnetic  pohs  repel  "in- 
another;  unlike  poles  attract  one  another. 

The  earth  is  a  great  magnet  whose  magnetic  poles  coin- 
cide nearly,  but  not  quite,  with  the  true  geographical 
north  and  south  poles.  A  freely  suspended  magnet,  there- 
fore, will  always  point  in  an  approximately  north  and  south 
direction. 

It  is  impossible  to  produce  a  magnet  with  only  one  pole. 
If  a  long  bar  magnet  is  broken  into  any  number  of  parts. 
each  part  will  still  be  a  magnet  and  have  two  poles,  a  north 
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21.  Magnetic  substances  are  those  substances  which, 
although  not  in  themselves  magnets,  that  is,  not  possessing 
poles  and  neutral  lines,  are,  nevertheless,  capable  of  being 
attracted  by  a  magnet.  In  addition  to  iron  and  its  alloys. 
the  following  elements  are  magnetic  substances:  .Vifiil, 
cobalt,  magaiiese,  oxygen,  cerium,  and  ckromium.  These, 
however,  possess  magnetic  properties  in  a  very  inferior 
degree  compared  with  iron  and  its  alloys.  All  other  known 
substances  are  called  non-mairnetlc  substances. 


22.     The    space   surrounding   a    magnet,    in    which    any 

magnetic  substance  will  be  attracted  or  repelled, is  called  its 
inaffiietic  field,  or,  simply,  its 
field.  Magnetic  attractions  and 
repulsions  are  assumed  to  act  in  a 
definite  direction  and  along  imag- 
mary  lines  called  lines  of  n\ajj;- 
notle  force,  or,  simply,  lines 
of  force,  and  every  magnetic  field 
"  IS  assumed  to  be  traversed  by  such 
hnes  of  force — in  fact,  to  exist  by 
virtue  of  them.  Their  pf.isitiixi 
1 1  any    plane  may  be   shown    by 

placing  a  sheet  of  paper  over  a    n  gn      and  sp    nk    ng  fin 

iron  filings  over  the  paper.      In  o         b        m   g 

lying  on  its  side,   the  iron  fil  ng 

will  arrange  themselves  in  cur     d 

lines  extending  from   the  north 

the  south  pole,  as  shown  in  Fig 

A     view    of     the     magnetic     fi 

looking  towards  either    pole    <.f   a 

bar  rnaffnet  would   e.xhibit  mereh 

radial  lines,  as  shown  livlhe  fil  ngs    \  "' 

in  Fig,  1-^, 

]-:very  line  of    force  is  assu 

111   pass  out    from   the  north   \ 

make  a  ei>miilete   circiiit    thru  t,l  ^      ' 

the  surrounding  medium,  and  pass  into  the  south  pole,  thence 


33.  The  direction  of  tin-  linei  of  force  in  any  magnetic 
field  can  be  traced  by  a  small,  freely  suspended  magnetic 
needle,  or  a  small  compass  such  as  indicated  by  w;  in  Fig.  13. 
The  north  pole  of  the  needle  will  always  point  in  the  direc- 
lion  of  the  lines  of  force,  the  length  of  the  needle  lying  either 
parallel  or  tangent  to  the  lines  of  force  at  that  point.  If  the 
needle  be  moved  bodily  in  the  direction  towards  which  the 
north  pole  points,  its  center  or  pivot  will  describe  a  path 
coinciding  with  the  direction  of  the  lines  of  force  in  that 
part  of  the  magnetic  field. 

N«TK.— In  ail  dUcrums,  the  i/ireciion  of  Ike  lines  of  font  will  be 
ruprcscDted  by  arruwhcads  upun  Uutted  lines. 

/.    1.-19 
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Lines  of  force  can  never  intersect  one  another ;  when  two 
opposing  magnetic  fields  are  brought  together,  as  indi- 
cated by  the  iron  filings  in  Fig.  14  and  Fig.  15,  the 
lines  of  force  from  each  will  be  crowded  and  distorted  from 
their  original  direction  until  they  coincide  in  direction  with 


those  opposing,  and  form  a  resultant  field  in  which  the 
direction  of  the  lines  of  force  will  depend  upon  the  relative 
strengths  of  the  two  opposing  negative  fields.  The  result- 
ing poles  thus  formed  are  called  consequent  poles. 

In  every  magnetic  field  there  are  certain  stresses  which 
produce  a  tfiision  along  the  lines  of  force  and  a  pressure 
across  them;  that  is,  they  tend  to  shorten  themselves  from 
end  to  end  and  to  repel  one  another  as  they  lie  side  by  side. 

34.  When  a  magnetic  substance  is  brought  into  a  mag- 
netic field,  the  lines  of  force  in  that  vicinity  crowd  together 
and  all  tend  to  pass  through  the  substance.  If  the  substance 
is  free  to  move  on  an  axis  (but  not  bodily)  towards  the 
magnet  pole,  it  will  always  come  to  rest  with  its  greatest 
extent  or  length  in  the  direction  of  the  lines  of  force.  The 
body  will  then  become  a  magnet,  its  south  pole  being  situ- 
i'here  the  lines  of  force  enter  it  and  its  north  pole 
they  pass  out.  The  production  of  magnetism  in  a 
■tic  substance  in  this  manner  is  called  mo^rnetie 
■tlon.  The  production  of  artificial  magnetism  in  a 
led  steel  needle  or  bar  by  contact  with  lodestone  is 


ated  V 


indn 

hard. 


one  case  of  magnetic  induction. 


in  Fig.  Ifi;  or,  in  general,  an  electric  current  and  a  magnet 

exert  a  mutual  force  upon  each  other.     From  the  definition 

given  in  Art.  22,  the  space  surrounding  the  conductor  is  a 

magnetic  fifld.     If  the  conductor  is  threaded  up  through 

a   piece   of   cardboard,    and   iron    filings   are   sprinkled   on 

the  cardboard,   they  wil!  arrange 

themselves    in    concentric   cirtles 

iirnund    the  conductor,    as   reprt 

sented  in  Fig.  17.     This  efffct  v 

be  observed  throughout  the  entin 

length   of   the  conductor     md    i 

caused    entirely   by   the 

In  fact,  every  conductor  t  n\t> 

ing  a  current  of  electricity  lan  bt 

imagined  as  completely  surroundtd 

by  a  sort  of  magnetic  wktrl,  the 
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magnetic  density  decreasing  as  the  distance  from  the  current 
increases.     (See  Fig.  18.) 

26.     If  the  current  in  a  horizontal  conductor  is  flowing 

towards  the  north^  and  a  compass  is  placed  under  the  con- 

I         ductor,  Fig.  10,  the  north  pole  of  the  needle  will 


FIG.  18. 


be  deflected  towards  the  ivest ;  by  placing  the  com- 
pass mrr  the  wire,  Fig.  20,  the  north  pole  of  the 
needle  will  be  deflected  towards  the  cast.  Bv 
reversing  the  direction  of  the  current  in  the  con- 
ductor, the  needle  will  point  in  the  opposite  direc- 
tion in  each  case,  respectively. 

If  the  conductor  is  placed  oi'cr  the  needle  and 
then  bent  back  under  it,  forming  a  loop  as  shown 
in  Fig.  21,  the  tendency  of  the  current  in  both 
top  and  bottom  portions  of  the  wire  is  to 
deflect  the  north  pole  of  the  needle  in  the  same 
direction. 

From  these  experiments,  knowing  the  direction 
of  current  in  the  conductor,  the  following  rule  is 
deduced  for  the  direction  of  the  lines  of  force 
around  the  conductor: 


lUile. — If  the  current  is  flowing  in   the  conductor  azcay 
from  the  observer ^  then  the  direction  of  the  lines  of  force 


Fig.  19. 


Fig.  30. 


Fig.  21. 


will  be  around  the  conductor  in  the  direction  of  the  hands 
of  a  watch. 
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The  direction  of  the  lines  of  force  aiound  ; 
indicated  in   Fig.  22,  where  the  current  i 
flowing  downwards,  that 
is,  piercing  the  paper. 

27.  Two  parallel 
conductors,  both  trans- 
mitting currents  of  elec- 
tricity, are  either  mutu- 
ally attractive  or  repel- 
lent, depending  upon  the 
relative  direction  of  their 
currents.  If  thecurrents 
are  flowing  in  the  sanie 
direction  in  both  con- 
ductors, as  represented 
in  Fig,  ^3.  the  lines  of 
force  will  tend  to  sur- 
round both  conductors  ^"^'  ''^■ 
and  contract,  thus  attracting  the  conductors.  If,  however, 
the  currents  are  flowing  in  opposite  directions,  as  in  Fin,  ''^^^ 
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around  the  conductor  will  thread  through  the  loop  in  the 
same  direction.  By  bending  the  conductor  into  a  long  Af/i'jr 
of  several  I'Xips,  the  lines  of  force  around  each  loop  will  coin- 
cide with  those  around  the  adjacent  loops,  forming  several 
long  lines  of  force  which  thread  through  the  entire  helii, 
entering  at  one  end  and  passing  out   at  the  other.     The 


same  conditions  now  exist  in  the  helix  as  exist  in  a  bar  mag- 
net, i.  e. ,  the  lines  of  force  fiass  out  from  one  end  and  enter 
the  (jther.     In  fact,  the  helix  possesses  a  »<fr//i  and  a  soii/A 

pole,  ii  neutral  line,  and  all  the  properties  of  attraction  and 
repulsion  of  a  magnet.  If  it  Is  suspended  in  a  horizontal 
[Misition  and  fri-c  to  turn,  it  will  come  to  rest  pointing  in  a 
north-and-Koiith  direction. 

A  helix  made  in  this  manner,  around  which  a  current  of 
electricity  is  circulating,  is  called  a  solenoid. 

2!),     The  polarity  of  a  solenoid,  that  is,  the  direction  of 

the  lines  of  force  which  thread  through  it,  depends  upon  the 
direction  in  which  the  conductor  is  coiled  and  the  direction 
of  the  current  in  the  conductor. 

To  determine  the  polarity  of  a  solenoid,  knowing  the 
direction  of  the  current: 

Tliile. — In  looting  at  the  end  of  the  helix,  if  it  is  so  wound 
that  the  current  eirciilates  around  the  helix  in  the  direetion 
of  the  hands  of  a  ifatcli,  that  end  will  he  a  south  pole  ;  if  in 
the  other  direetion,  it  ',\.'ill  be  a  north  pole. 
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Fig.  ■2B  represcms  a  conductor  coiled  in  a  right-handed 
helix.  If  the  current  starts  to  flovr  from  the  end  where  the 
observer  stands,  that  end 
will  be  a  south  pole  and 
the  observer  will  be  looking 
through  the  helix  in  the 
direction    of   tbt    lines   of 

The  polarity  of  a  solenoid  can  be  changed  by  reversing 
the  direction  of  the  current  in  the  conductor. 

30,  It  has  been  stated  that  when  a  magnetic  substance 
is  brought  into  a  magnetic  field,  the  lines  of  force  in  that  field 
crowd  together,  and  all  try  to  pass  through  that  substance; 
in  fact,  they  will  alter  their  circular  shape  and  extend  a 
considerable  distance  from  their  original  position  in  order 
to  pass  through  it.  A  magnetic  substance,  therefore,  offers 
a  better  path  for  the  lines  of  force  than  air  or  other  non- 
magnetic substances. 

The  facility  afforded  by  any  substance  to  the  passage 
through  it  of  lines  of  force  is  called  magnetic  permea- 
bility, or,  simply,  iiermeablllty. 

Tha ptrweability  tii  all  non-magnetic  substances,  such  as 
air,  copper,  wood,  etc.  is  taken  as  1,  or  unity.  The  permea- 
bility of  soft  iron  may  be  as  high  as  3,000  times  that  of  air. 
If,  therefore,  a  piece  of  soft  iron  be  inserted  into  the  mag- 
netic circuit  of  a  solenoid,  the  number  of  lines  of  force  will 
be  greatly  increased,  and  the  iron  will  become  highly  mag- 
netized. 

31.  A  magnet  produced  by  inserting  a  magnetic  sub- 
stance into  the  magnetic  circuit  of  a  solenoid  is  an  electro- 
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In  the  ordinary  form  of  electromagnet,  the  magnetizing 
coil  consists  of  a  large  number  of  turns  of  insulated  wire, 
that  is,  wire  covered  with  a  layer  or  coating  of  some  non-con- 
ducting or  insulating  material,  usually  silk  or  cotton;  other- 
wise the  current  would  take  a  shorter  and  easier  circuit  from 
one  coil  to  the  adjacent  one  or  from  the  first  to  the  last  coil 
through  the  iron  core  without  circulating  around  the  magnet. 
The  simplest  form  of  an  electromagnet  is  the  bar  magnet. 
As  usually  constructed,  it  consists 
of  a  straight  bar  of  iron  or  steel  B, 
fitted  into  a  spool,  or  bobbin,  made 
of  hard  vulcanized  rubber  or  some 
other  inflexible  insulating  ma- 
terial. The  magnetizing  coil  of 
fine  insulated  copper  wire  w  is 
wound  in  layers  in  the  bobbin,  as 
shown  by  the  cross-section  in 
Fig.  28. 

^'^  *^  The  rule   for   determining   the 

polarity  of  a  solenoid  is  the  same  for  an  electromagnet. 
It  makes  no  difference  whether  the  wire  is  wound  in  one 
layer  or  in  any  number  of  layers,  or  whether  it  is  wound 
towards  one  end  and  then  wound  back  again  over  the  previ- 
ous layer  towards  the  other  end;  so  long  as  the  current 
circulates  continually  in  the  same  direction  around  the  core, 
the  polarity  of  the  magnet  will  remain  unchanged. 

32,  The  most  convenient  form  of  electromagnet  for  a 
great  variety  of  uses  is  the  horseshoe,  or  [S-s/iaped,  electro- 
magnet, Fig.  30.  It  consists  of  a  bar  of  iron  bent  into  the 
shape  of  a  horseshoe  with  straight  ends  and  provided  with 
two  magnetizing  coils,  one  on  each  end  of  the  magnet.  The 
two  ends  which  are  surrounded  by  the  coils  are  the  cores  of 
the  magnet,  and  the  arc-shai)ed  piece  of  iron  joining  them 
together  is  known  as  the  yoke  of  the  magnet.  The  ordinary 
U-.'ihaped  electromagnet  is  made  in  three  parts,  namely, 
two  iron  cores  wound  with  the  magnetizing  coils,  and  a 
straight  bar  of  iron  joining  the  two  cores  together  for  a  yoke. 
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as  shown  in  Fig.  29.     In  looking  at  the  free  ends  of  the  two 

Hires,  Fig.  30,  the  current  should  circulate  around  one  cure 

in  an  opposite  direction 

to  that  around  the  other. 

If  the  current  circulates 

arouDd  both  cores  in  the 

same  direction,  the  lines 

of  force  produced  in  the 

two   cores,    respectively, 

oppose    one    another, 

furming   two   like    poles 

at   their   free    ends    and 

a  consequent  pole  in  the  yoke. 
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EliECTBICAL  ITN^ITS. 

33.  The  three  principal  units  used  in  practical  measure- 
ments of  a  current  of  electricity  are : 

The  anii)ere,  or  the  practical  unit  denoting  the  rate  of  flow 
of  an  electric  current,  or  the  strength  of  an  electric  current. 

The  oliin,  or  the  practical  unit  of  resistance. 

The  volt,  or  the  practical  unit  of  electrical  potential,  or 
pressure. 

Electromotive  force,  written  E.  M.  F.,  or  simply  E.,  is 
the  total  generated  difference  of  potential  in  any  electric 
source  or  in  any  circuit.  For  example,  the  total  difference 
of  potential  developed  between  the  plates  of  a  simple  voltaic 
cell  would  be  the  electromotive  force  of  that  cell. 

Ordinarily,  the  term  electromotive  force  is  used  to  express 
any  difference  of  potential  between  two  points. 

The  relation  of  these  three  practical  units  will  be  better 
understood  by  the  analogy  of  the  flow  of  water  through  a 
pipe.  The  force  which  causes  the  water  to  flow  through  the 
pipe  is  due  to  the  head,  or  pressure ;  that  which  resists  the 
flow  is  the  friction  of  the  water  against  the  inside  of  the  pipe, 
and  the  amount  will  vary  with  circumstances.  The  rate 
of  JIou\  or  the  current,  may  be  expressed  in  gallons  per 
viinutc,  and  is  a  ratio  between  the  head,  or  pressure,  and  the 
resistance  caused  by  the  friction  of  the  water  against  the 
inside  of  the  pipe.  For,  as  the  pressure,  or  head,  increases, 
the  rate  of  flow  or  current  increases  in  proportion ;  as  the 
resistance  increases,  the  current  diminishes. 

In  the  case  of  electricity  flowing  through  a  conductor,  the 
electromotive  force,  ox  potential,  corresponds  to  the  pressure, 
or  head,  of  water,  and  the  resistance  which  a  conductor  offers 
to  the  flow  of  electricity  to  the  friction  of  the  water  against 
the  pipe.  The  strength  of  an  electric  current,  or  the  rate  of 
floiK.^  of  electricity,  is  also  a  ratio — the  ratio  of  the  electromo- 
tive force  to  the  resistance  of  the  conductor  through  which 
the  current  is  flowing.  This  ratio  as  applied  to  electricity 
was  flrst  discovered  by  Dr.  G.  S.  Ohm,  and  has  since  been 
called  Dhiii's  law. 


g«  ELECTRICITY  AND  MAGNETISM.  27 

ft4.  Olim's  I^aw. —  The  strength  of  an  eliclric  current  in 
any  circuit  is  directly  proportional  to  the  tlfrtromotivf  force 
dei'thped  in  that  circuit  and  inversely  proportional  to  the 
resistance  of  the  circuit ;  i.  c,  il  is  equal  to  the  electromo- 
tive force  dii-ided  by  the  resistance. 

Ohm's  law  is  usually  expressed  algebraically  thus-, 
electromotive  force 


Strength  of  current  = 


resistance 


If  the  electromotive  force  {£)  is  expressed  in  volts  and 
the    resistance    (A')    in    ohms,   the    formula    will    give   the 

strength  of  current  (C)  directly  in  amperes;  thus,  C  =  ^. 

Before  giving  examples  of  the  application  of  Ohm's  law, 
the  value  and  significance  of  each  imit  will  be  treated  sep- 
arately. 

3C.  The  Ampere,  or  the  Unit  strength  of  Cur- 
rent.—The  strength  of  an  electric  current  can  be  described 
;is  a  quantity  of  electricity  flowing  continuously  every  sec- 
ond, or,  in  other  words,  it  is  the  rate  of  flow  of  electricity, 
just  as  the  current  expressed  in  gallons  per  minute  is  the 
rate  of  fto%v  of  liquids.  When  one  unit  quantity  of  electricity 
is  flowing  continuously  every  second,  then  the  rate  of  flow, 
or  the  strength  of  current,  is  one  ampere :  if  two  unit  quan- 
tities are  flowing  continuously  every  second,  then  the  strength 
of  current  is  two  amperes,  and  so  on.  It  makes  no  difference 
in  the  number  of  amperes  whether  the  current  flows  for  a 
long  period  or  for  only  a  fraction  of  a  second ;  if  the  quantity 
of  electricity  that  would  flow  in  one  second  is  the  same  in 
both  cases,  then  the  strength  of  the  current  in  amperes  is 
the  same. 

The  international  ampere  is  defined  as  the  strength  of  an 
unvarying  current,  which,  when  passed  through  a  solution 
of  nitrate  of  silver  and  water,  deposits  silver  at  the  rate  of 
.01725  grain  per  second. 

Electricity  possesses  neither  weight  nor  extension,  and 
therefore  an  electric  current  cannot  be  measured  by  the 
usual  mcth'Jds  adopted  for  measuring   liquids   and   gases. 
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In  liquids,  the  strength  of  the  current  is  determined  by 
measuring  or  weighing  the  actual  quantity  of  the  liquid 
which  has  passed  between  two  points  in  a  certain  time  and 
dividing  the  result  by  that  time.  The  strength  of  an  elec- 
tric current,  on  the  conlrarj',  is  determined  indirectly  by 
the  efl^ect  it  produces,  and  the  actual  quantity  of  electricity 
which  has  passed  between  two  points  in  a  certain  time  is 
afterwards  calculated  by  multiplying  the  strength  of  the 
current  by  the  time. 

36,  The  principal  effects  produced  by  an  electric  cur- 
rent are  given  in  Art.  3 ;  of  these,  the  one  most  generally 
used  for  measuring  is  the  action  of  the  current  upon  a 
magnetic  needle,  as  shown  in  Art.  25.  The  instrument 
commonly  used  in  laboratory  practice  for  measuring  and 
detecting  small  currents  of  electricity  is  called  the  galva- 
noniet«r. 

The  action  of  the  galvanometer  is  based  upon  the  princi- 
ple given  in  Art.  !2i5,  where  a  magnetic  needle,  freely  sus- 
pended in  the  center  of  a  looped  or  coiled  conductor,  is 
deflected  by  a  current  of  electricity  passing  around  the  coil, 
or  loop.  In  ordinary  practice,  the  needle  is  suspended 
either  upon  a  pivot  projecting  into  an  agate  cup  fixed  in 
the  needle,  or  by  a  fiber  suspension,  as  shown  by  F  in 
Fig.  32.  In  the  simpler  forms  of  galvanometers,  the  mag- 
netic needle  itself  swings  over  a  dial  graduated  in  degrees ; 
in  other  forms,  a  light  index 
needle  is  rigidly  attached  to 
the  magnetic  needle  and  swings 
over  a  similar  dial,  as  indicated 
by  /  in  Fig.  32;  and  in  the 
more  sensitive  galvanometers. 
Fig.  33,  a  small  reflecting  mir- 
ror is  attached  to  the  fiber 
suspension  and  reflects  a  beam 
of  light  upon  a  horizontal  settle 
situated  several  inches  from 
the  galvanometer. 
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galvanometer  of  standard  dimensions  and  a  magnetic  field  of 
known  strength,  such  as  the  earth's  magnetism  at  a  conve- 
nient place  on  its  surface,  a  strength  of  current  can  be  con- 
ventionally adopted  as  a  unit  which  will  produce  a  certain 
deflection;  all  other  galvanometers  can  be  calibrated  from 
this  standard,  and  their  dials  graduated  to  read  the  strength 
of  current  directly  in  the  conventional  unit  adopted. 


37.  Commercial  and  portable  instruments  are  devised 
for  measuring  the  strength  of  current  directly  in  amperes, 
and  are  called  ampere  meters,  or  simply  ammeters.  The 
action  of  the  current  flowing  through  the  coils  in  these 
instruments  causes  small  magnetic  needles  or  other  coils  of 
wire  to  act  either  against  the  tension  of  springs  or  against 
gravitational  forces.  The  majority  of  ammeters  are  pro- 
vided with  an  index  needle  which  travels  over  a  scale  or 
dial  graduated  in  divisions,  each  division  representing  one 
ampere  or  fractions  or  multiples  of  one  ampere. 

Fig.  35  shows  the  general  form  of  a  standard  Weston 
ammeter  used  for  commercial  testing  purposes.  The 
strength  of  the  current  flowing  in  a  circuit  can  be  measured 
directly  in  amperes  by  opening  the  circuit  at  any  convenient 
place  and  connecting  the  two  ends  thus  formed  to  the  bind- 
ing jHJst  /  and  p' .  The  direction  of  the  current  in  the  circnit 
should  be  determined 
beforehand,  so  that  it 
passes  into  the  instru- 
ment by  the  binding 
post  marked  with  the 
positive  (-f  )  sign ;  other- 
»ise  the  inde.x  needle 
will  be  deflected  oflf  the 
scale  in  the  wrong  direc- 
tion, which  is  liable  to 
damage  the  instrument 
and  cause  error  in  read- 
ing when  the  current  passes  through  in  the  proper  direc- 
tion. 
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38.     Tlio  OhJii,  or  the  Piilt  of  Resistance. — In  Art.  I 
it  was  stated   that  ihu  resLstanre  varied  in  different  i 
stances;  that  is,  one  substance  offers  a  higher  resistance  to^ 
a  current  of  electricity  than  another.     Electrical  resistance, 
therefore,  can  be  defined  as  a  property  of  matter,  varyin j  j 
with  different  substances,  and  in  virtue  of  which  such  mat-j 
ler  opposes  or  resists  the  passage  of  electricity. 

The  resistance  which  all  substances  offer  to  the  passage  of  1 
an  electric  current  is  one  of  the  most  important  quantities  i 
in  electrical  measurements.     In  the  first  place,  it  is   that 
which  determines  the  strength  of  an  electric  current  in  any 
circuit  in  which  a  difference  of  potential  is  constantly  main- 
tained, as  shown  by  Ohm's  law;  and  in  the  second  place,  the  i 
unit   of  resistance,  the  o/im,  is   the   only    unit   in  electrical   | 
measurements  for  which  a  material  standard  can  be  adopted, 
other  quantities  being  measured  by  the  effect  they  produce. 
The  basis  of  any  system  of  physical  measurements  is  gener- 
ally some  material  standard  conventionally  adopted   as   a 
unit,  physical  measurements  in  each  system  being  made  by  ] 
comparison  with  the  unit  of  that  system. 

The  unit  of  electrical  resistance  now  nniversally  adopted 
is  called  the  International  ohm.  One  international  ohm 
is  the  resistance  offered  by  a  column  of  pure  mercury 
I0G.3  centimeters  in  length  and  1  square  millimeter  in  sec- 
tional area  at  33"  F.,  or  the  temperature  of  melting  ice.  The 
dimensions  of  the  column  expressed  in  inches  are  as  follows: 
length,  41.85  inches;  sectional  area,  .00155  square  inch. 
Hereafter  the  word  "international"  will  be  omitted  and 
simply  the  word  '"ohm"  used;  the  intfrnationai  ohm,  how- 
ever, as  defined  above,  will  always  be  implied  unless  other- 
wise stated. 


30.     If  a  given  conductor  offers  a  resistance  of  2  ohms  to 
a  current  of  1  ampere,  it  offers  the  same  amount,  no  more 
nor  less,  to  a  current  of   10  amperes.     Hence,  the  resistance   , 
of  a  given  coniiuftor  at  equal  tempcratuns  is  always  constant, 
irrespective  of  the  strength  ef  current /lowing  through  it  or  J 
the  electromotive  force  of  the  current. 
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40.  If  the  length  of  a  conductor  be  doubled,  its  resist- 
ance will  be  doubled ;  that  is,  the  resistance  of  a  given  con- 
ductor increases  as  the  length  of  the  conductor  increases, 
the  resistance  being  directly  proportional  to  the  length  of 
the  conductor. 

When  it  is  required  to  find  the  resistance  of  a  conductor 
of  which  the  length  is  varied,  and  other  conditions  remain 
unchanged,  the  following  formula  may  be  used : 

r.  =  ^.  (1.) 

In  this  formula 

r,  =  the  original  resistance ; 

r,  =  the  required  or  changed  resistance ; 

/,  =  the  original  length ; 

/,  =  the  changed  length. 

As  in  all  examples  of  proportion,  the  two  lengths  must  be 
reduced  to  the  same  unit. 

By  this  formula,  we  see  that  the  resistance  of  a  conductor 
after  its  length  is  changed  is  equal  to  the  original  resistance 
multiplied  by  the  changed  lengthy  and  the  product  divided  by 
the  original  length. 

Example. — Find  the  resistance  of  1  mile  of  copper  wire,  if  the 
resistance  of  10  feet  of  the  same  wire  be  .013  ohm. 

Solution. —  r,  =  .013  ohm;  /,  =  10  feet;  /«  =  1  mile  =  5,280  feet. 
Then,  by  formula  1,  the  required  resistance 

.013X5.280       .  ^.,     ,  . 

fa  = r-r =  0.864  ohms.     Ans. 

41.  If  the  sectional  area  of  a  conductor  is  doubled  and 
other  conditions  remain  unchanged,  the  resistance  will  be 
halved.  We  mav,  then,  obtain  the  value  of  the  resistance 
of  a  conductor  for  any  change  in  sectional  area  by  the  fol- 
lowing formula: 

r.  =  '^,  (3.) 
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in  which    r,  =  the  original  resistance  of  the  conductor; 
r,  =  the  changed  resistance ; 
a^  =  the  original  sectional  area ; 
a^  =  the  changed  sectional  area. 

From  the  relations  here  expressed,  it  will  be  seen  that  the 
resistance  varies  inversely  as  the  sectional  area ;  that  is,  //le 
resistapice  of  a  given  condiutor  diminishes  as  its  sectional 
area  increases. 

The  resistance  of  a  conductor  is  independent  of  the  shape 
of  its  cross-section.  For  example,  this  shape  may  be  circu- 
lar, square,  rectangular,  or  irregular;  if  the  sectional  area 
be  the  same  in  all  cases,  the  resistances  will  be  the  same, 
other  conditions  being  similar. 

Example. — The  resistance  of  a  conductor  whose  sectional  area 
is  .035  sq.  in.  is  .82  ohm;  what  would  be  the  resistance  of  the  con- 
ductor if  its  sectional  area  were  increased  to  .125  sq.  in.  and  other 
conditions  remain  unchanged  ? 

Solution. —  r^  =  .32  ohm;  a^  =  .025  sq.  in. ;  and  a^  =  .125  sq.  in. 
Then,  by  formula  2,  the  required  resistance 

r»  ill      .32  X  .025        ...    ,  . 

r,  =  — — '  = tW? —  =  064  ohm.     Ans. 

a^  .125 

Example. — The  sectional  area  of  a  certain  conductor  is  .01  sq.  in. 
and  its  resistance  isl  ohm ;  if  its  sectional  area  be  decrea.sed  to  .001  s(i.  in. 
and  other  conditions  remain  unchanged,  what  will  be  the  resistance  ? 

Solution. —    n  =  1  ohm;  ai  =  .01  sq.  in.,  and  u^  =  .001  sq.  in.     By 

formula  2,  the  resistance 

1  X  .01       .^    .  . 

rj  =  — T^TyT—  —  ^^  ohms.     Ans. 

42.  When  comparing  resistances  of  round  copper  wires 
the  following  formula  is  used : 

r  D" 
^  =  -  '^.-,  (3.) 

in  which     r^  =  the  original  or  known  resistance ; 
r,  =  the  required  resistance ; 
D  =  the  original  diameter ; 
d  =  the  changed  diameter. 

This  formula  is  based  on  the  rule  that,  since  the  sectional 
area  of  a  round  conductor  is  proportional  to  the  square  of 
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its  diameter  (sectional  area  =  diameter*  x  .7854),  the  resist- 
ance  of  a  round  conductor  is  inversely  proportional  to  the 
square  of  its  diameter. 

Example. — The  resistance  of  a  round  copper  wire  .2  in.  in  diameter 
is  45  ohms;  from  this  calculate  the  resistance  of  a  round  copper  wire 
.3  in.  in  diameter,  other  conditions  remaining  the  same  in  both  cases. 

Solution. — In  this  example,  ri  =  45  ohms;  Z?  =  .2  inch;  and  d  = 
.3  inch.     Hence,  by  formula  3,  the  required  resistance 

45  X  .2*      45x04      ^    ,  . 

ra  = So —  =  — 7z^ —  =  20  ohms.     Ans. 

Example. — If  the  resistance  of  a  round  German-silver  wire  \  in. 
in  diameter  is  12.6  ohms,  what  is  the  resistance  of  a  round  German- 
silver  wire  ^  in.  in  diameter,  other  conditions  being  equal  in  the 
two  cases  ? 

Solution. — In  this  example,  ri  =  12.6  ohms;  Z>  =  -^  =  .125  inch ;  and 
^  =  -j^  =  .0625  inch.     Hence,  by  formula  3, 

''«  —  —  fM>or< —  =  50.4  ohms.     Ans. 

43.  The  resistance  of  two  or  more  conductors  connected 
in  series  (Art.  14)  is  equal  to  the  sum  of  their  separate 
resistances.  For  example,  if  four  conductors  having  separate 
resistances  of  8,  12,  22,  and  34  ohms,  respectively,  are  con- 
nected in  series,  their  total  or  joint  resistance  would  be 
8  -f  12  -f  22  +  34  =  70  ohms. 

44.  The  Tnierohin  is  a  imit  of  resistance  devised  to 
facilitate    calculations    and    measurements   of    exceedingly 

small  resistances,  and  is  equal  \o  one  millionth  (- |of 

^  \  1,000, 000/ 

an  ohm.  Hence,  to  express  the  resistance  in  microhms^ 
multiply  the  resistance  in  oJims  by  1,000,000;  and,  con- 
versely, to  express  the  resistance  in  ohms,  divide  the  resist- 
ance in  microhms  by  1,000,000.  For  example,  .75  ohm 
=  .75  X  1,000,000  —  750,000 microhms;  or,  750,000 microhms 
=  750,000  -^  1,000,000  -  .75  ohm. 

45.  The  iTie|2:olim  is  a  unit  of  resistance  devised  to 
facilitate  calculations  and  measurements  of  exceedingly 
large  resistances,  and  is  equal  to  1,000,000  ohms.  There- 
fore,   to    express    the    resistance    in    megohms,    divide    the 
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resistance  in  ohms  by  1,000,000;  and,  conversely,  to  express 
the  resistance  in  o/uns,  multiply  the  resistance  in  megoJims  by 

1,000,000.  For  example,  850, 000  ohms  ==—^||^j^^=  ,%b  meg- 
ohm; or,  .85  megohm  =  .85  X  1,000,000  =  850,000  ohms. 
The  megohm  is  used  chiefly  to  measure  the  resistance  of 
bad  conductors  and  insulators. 

46,  In  order  to  compare  the  resistances  of  different  sub- 
stances, the  dimensions  of  the  pieces  to  be  measured  must 
be  equal;  for,  by  changing  its  dimensions,  a  good  conductor 
may  be  made  to  offer  the  same  resistance  as  an  inferior  one. 
Under  like  conditions,  annealed  silver  offers  the  least  resist- 
ance of  all  known  substances.  Soft,  annealed  copper  comes 
next  on  the  list,  and  then  follow  all  other  metals  and 
conductors. 

The  resistance  of  a  given  conductor,  however,  is  not  always 
constant;  it  changes  with  the  temperature  of  the  conductor. 
In  all  metals,  the  resistance  increases  as  the  temperature 
rises;  in  liquids  and  carbons,  the  resistance  decreases  as  the 
temperature  rises.  The  amount  of  variations  in  the  resist- 
ance caused  by  a  change  in  temperature  of  one  (Icjj^rce  is 
called  the  temperature  eoeflflelent.  The  tcni])crature 
coefficients  for  the  common  metals  are  given  in  Table  T  for 
degrees  Fahrenheit.  These  coefficients,  however,  only  hold 
true  for  a  limited  change  of  temperature,  and  should  not  he 
used  with  extreme  changes.  The  rules  given  below,  making 
use  of  these  coefficients,  are  not  absolutely  accurate,  but 
enough  so  for  practical  purposes.  To  be  strictly  corre(  t,  tlie 
quantity  r,  in  formula  4  below  should,  in  each  case,  rej)re- 
sent  the  resistance  at  the  freezing  point. 

To  find  the  resistance  of  a  conductor  after  its  temperature 
has  risen,  knowing  its  original  resistance  and  the  number  of 
degrees  rise,  other  conditions  remaining  unchanged: 

Let  r,  =  the  original  resistance ; 

r,  =  the  resistance  after  a  change  in  temperature; 

k  =  the  temperature  coefficient ; 

/   =  rise  or  fall  in  temperature,  degrees  Fahrenheit. 
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Then,  for  a  rise  in  temperature, 

r,  =  r.(l +  /;&).  (4.) 

That  is,  the  resistance  of  a  conductor  after  its  temperature 
has  risen  may  be  obtained  by  multiplying  the  original  resist- 
ance by  1  plus  the  product  of  the  number  of  degrees  rise  and 
the  temperature  coefficient. 

Example. — The  resistance  of  a  piece  of  copper  wire  at  32^  F.  is 
40  ohms ;  determine  its  resistance  when  its  temperature  is  52"  F. 

Solution. —  ^  =  40  ohms ; 

k  =  .002155  (from  Table  I); 
/  =  52  —  32  =  20  degrees. 

By  formula  4,  the  required  resistance 
r,  =  r,(l  +  //')=40(1  -f  20 X. 002155)  =40  X  1.0431  =41.724 ohms.     Ans. 

47.  To  find  the  resistance  of  a  conductor  after  its  tem- 
perature has  fallen,  knowing  its  original  resistance  and 
the  number  of  degrees  fall,  other  conditions  remaining 
unchanged : 

For  3,  fall  in  temperature,  r,  =         '    ..  (5.) 

That  is,  the  resistance  of  a  conductor  after  its  temperature 
has  fallen  may  be  obtained  by  dividing  the  original  resistance 
by  one  pins  the  product  of  the  number  of  degrees  fall  and  the 
temperature  coefficient. 

ExAMPLK. — The  original  resistance  of  a  piece  of  German-silver  wire 
is  16  ohms;   find  its  resistance  after  its  temperature  has  fallen  22''  F. 

Solution. —  A' :=r  16  ohms; 

X'  =3  .000244  (from  Table  I); 
/  =  22^  F. 

By  ff)rnuila  5,  the  required  resistance 

48.  Specific  resistance  is  the  term  given  to  the  resist- 
ance of  substances  of  unit  length  and  unit  sectional  area 
at  some  standard  temperature.  In  what  follows,  the  specific 
resistance  of  a  substance  is  the  resistance  of  a  piece  of  that 
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substance  1  inch  in  length  and  1  square  inch  in  sectional 
area  at  32°  F.,  that  is,  at  the  temperature  of  melting  ice; 
this  may  also  be  expressed  as  the  resistance  of  a  cube  of  that 
substance  taken  between  two  opposing  faces. 

A  list  of  the  common  metals  is  given  in  Table  I,  in  the 
order  of  their  relative  resistances,  beginning  with  silver, 
which  offers  the  least  resistance.  The  first  column  of  figures 
gives  the  specific  resistance,  in  microhms,  of  1  cubic  inch  of 
the  corresponding  metal  at  32°  F.  By  applying  formula  1, 
the  resistance  of  any  conductor  of  known  dimensions  which 
is  made  of  one  of  the  metals  in  the  table  can  be  determined. 
The  second  column  of  figures  gives  the  relative  resistance 
of  the  different  metals  compared  with  silver.     For  example, 


TABI.E  I. 


Name  of  Metal. 


Resistance, 

Microhms  per 

Cu.  In. 


Silver,  annealed 

Copper,  annealed 

Silver,  hard-drawn  . . . . 
Copper,  hard-drawn . . . 

Gold,  annealed 

Gold,  hard-drawn 

Aluminum,  annealed . . 

Zinc,  pressed 

Platinum,  annealed. . . . 

Iron,  annealed 

Nickel,  annealed 

Tin,  pressed 

Lead,  pressed 

German  Silver 

Antimony,  pressed. . . . 

Mercury 

Bismuth,  pressed 


.5921 

.6292 

.  0433 

.  (;433 

.8102 

.8247 

1.1470 

2.2150 

3.5050 

3.8250 

4.9070 

5.2020 

7. 7280 

8.2400 

13.9800 

37.1500 

51.0500 


Relative 
Resistance. 


1.000 

1.003 

1.080 

l.OSO 

1.301) 

1.393 

1.935 

3.741 

0.022 

0.400 

8.285 

8.784 

13.050 

13.920 

23.000 

02.730 

87.230 


Temperature 
Coefficient. 


.002094 
.002155 
.002094 
.002155 
.00202S 
.002028 

.00202S 


.002028 
.002150 
.000244 
.002101 
.000400 
.001907 
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the  resistance  of  mercury  is  62.73  times  the  resistance  of 
silver,  or  the  resistance  of  iron  is  6.46  times  the  resistance  of 
silver,  and  so  on. 

Example. — Find  the  resistance  in  ohms  of  a  round  column  of  mer- 
cury 70'  high  and  .05'  in  diameter.  Ans.  1.3244  ohms. 

Example. — Find  the  resistance  in  ohms  of  1  mile  of  square  iron 
wire  (annealed)  .1'  on  a  side.  Ans.  24.2352  ohms. 

49.  In  a  simple  voltaic  cell,  the  internal  resistance — that 
is,  the  resistance  of  the  two  plates  and  the  electrolyte — is  of 
great  importance,  for  it  determines  the  maximum  strength 
of  current  that  can  possibly  be  obtained  from  the  cell.  In 
the  common  forms  of  cells,  the  internal  resistance  may  be 
excessively  large,  owing  to  the  resistance  of  the  electrolyte, 
the  specific  resistance  of  ordinary  liquids  used  as  electro- 
lytes being  from  1  to  20  million  times  that  of  the  common 
metals.  In  liquids,  as  in  all  conductors,  the  resistance 
increases  as  the  length  of  the  circuit  increases,  and  dimin- 
ishes as  its  sectional  area  increases.  Hence,  the  internal 
resistance  of  a  simple  voltaic  cell  is  reduced  by  decreasing 
the  distance  between  the  plates  or  elements  and  by  increas- 
ing their  active  surfaces.  The  internal  resistance  of  the 
ordinary  forms  of  cells  varies  from  about  .2  to  20  ohms. 

50.  For  practical  and  commercial  testing,  the  standard 
column  of  mercury,   representing  the  resistance  of  1  ohm, 

has  been  replaced  by  a  coil  of 
wire,  usually  a  platinum-silver 
alloy.  The  coil  is  carefully 
calibrated  to  offer  a  resistance 
of  exactly  1  ohm  at  some 
convenient  temperature,  and 
is  enclosed  in  a  metallic  case, 
the  connections  to  the  two 
ends  of  the  coils  being  made 
by  two  heavy  terminals  of  cop- 
per wire  passing  up  through 
the  hard-rubber  cover.  Such 
Fig.  36.  coils   are  known  as  standard 


51.     A  device  called  a  re«l«taiipt'  box   or    rheostat    is 

largely   used  for  reducing  or   controlling   the   strength   of 

cwrrents  in  various  circuits.    Such 

rheostats  are  connected  directly 
shunt  with  the  cir- 
cuit, and  are  termed  drad  resist- 

ances.      The    resistance    in   these 

rheostats  is  usually  made  adjust- 
able; that  is,  the  amount  of  resist- 
which    they    offer    may    be 

%'aried  at  the  will  of  the  operator 

by  the   use   of    a  sliding  contact 

or    by    removable    plugs.       Rheo 

stats    in    which    the    amount    of 

resistance    is    varied    by    sliding 

contacts   are   used    mostly    where 

accuracy    is    of    less    importance 

and  where  the  currents  are  com 

paratively  large.  fig.  S7. 

Pig.  37  shows  a  typical  form  of  sliding-contact  rheostat. 

In  this  particular  rheostat,  the  coils  of  resistance  wire  are 
connected  to  a  row  of  contact 
pieces  D,  as  shown  in  the  dia- 
gram, Fig.  36.  The  current 
enters  the  rheostat  through 
the  terminal  A,  passes  through 
the  movable  arm  C,  and  then 
through  all  the  re.sistance 
coils  between  the  contact 
piece  on  which  the  arm  rests 
and  the  terminal  B,  When 
the  arm  rests  upon  the  first 
contact    piece,    as   shown    by 

the  full  lines  in  this  diagram,  all  the  resistance  is  said  to 

be  in  circuit ;  that  is,  the  current  passes   through  all  the 
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coils.  By  moving  the  arm.  to  the  left,  towards  the  termi- 
nal B,  as  shown  by  the  dotted  lines,  the  coils  connected  to 
the  contact  pieces  which  have  been  passed  over  by  the  arm 
are  said  to  be  cut  out  of  circuit,  and  the  current  passes 
through  the  remaining  coils  only. 

53.  Rheostats  in  which  the  resistance  is  adjusted  by 
means  of  removable  plugs  are  employed  in  laboratory  prac- 
tice, where  small  currents  are  used  and  where  great  accuracy 

is  required.  The  resistance  coiis  in  these  rheostats  art- 
enclosed  in  a  wooden  box,  and  the  actual  resistance  of  each 
coil  is  carefully  determined.  A  resistance  box  offering 
10,000  ohms  resistance  is  shown  in  Fig.  39,  the  separate  coils 
offering   resistances   from   1  ohm  up  to  5,000  ohms.     The 


operation  of  adjusting  the  resistance  by  means  of  the  remov- 
able plugs  can  be  seen  from  the  diagram  in  Fig.  40.  The 
contact  pieces  a,  b,  c,  etc.  are  arranged  side  by  side  on  the 
top  of  the  case  and  are  separated  from  one  another  by  a  small 
air  space.  The  ends  of  each  contact  piece  are  provided  with 
a  tapered  recess  in  such  a  manner  as  to  allow  a  metallic 
plug  to  be  inserted  between  them  and  thereby  connect  the 
two  together  electrically.  The  current  passes  into  the 
rheostat   by   the  terminal   A,  and  when  all   the  plugs  are 
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removed  fiows  consecutively  through  all  the  coils  1,  H.  3,  J,,  n, 
and  e  to  ihe  terminal  /?.  The  total  resistance  of  the  rheo- 
stat can  be  lowered  by  inserting  the  plug  P  between  the 
contact  pieces;  this  operation  short-circuits,  or  cuts  out.  the 


particular  coil  connected  to  the  two  contact  pieces,  or,  in 
other  words,  the  current,  instead  of  flowing  through  the  coils, 
passes  directly  from  one  contact  piece  to  the  other  through 
the  metallic  plug. 

53.  Electrical  resistance  may  be  measured  by  an  appa- 
ratus called  a  Wheotstone  bridge.  A  bridge,  when  com- 
pleted, ready  for  taking  measurements,  consists  of  three 
main  parts:  (l)  an  adjustable  resistance  box  containing  a 
number  of  coils,  the  exact  resistance  of  each  coil  being 
known;  (2)  a  galvanometer  for  detecting  small  currents;  and 
(3)  a  battery  of  several  cells.  The  coils  of  the  resistance 
box  arc  divided  into  three  groups,  two  of  which  are  called 
proporllonal  or  bnJaiK-e  arms,  and  the  third  is  known 
as  the  iMlJustable  arm.  Each  proportional  arm  is  com- 
posed of  three  and  sometimes  four  coils  of  1,  10,  100,  and 
1,000  ohms  resistance,  respectively.  The  adjustable  arm 
contains  a  large  number  of  coils  ranging  from  .1  ohm  up  to 
10,000  ohms. 

The  operation  of  the  bridge  depends  upon  the  principle  of 
the  relative  difference  of  potential  between  two  points  in  a 
divided  circuit  of  two  branches.  The  electrical  connections 
of  the  bridge  are  shown  in  the  diagram.  Fig.  41.  M  repre- 
sents the  resistance  of  one  of  the  balance  arms,  which  will  be 
termed  (or  convenience  the  upper  balance  arm ;  N  represents 
the  resistance  of  the  other  balance  arm,  which  will  be  termed 
wer  balance  arm;    P  represents  the  resistance  of  the 
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adjustable  arm,  and  X  represents  an  unknown  resistance, 
the  value  of  which  is  to  be  determined.  One  terminal  of  the 
detecting  galvanometer  G  is  connected  at  r,  the  junction  of 
the  upper  balance  arm  and  the  unknown  resistance;  the 
other  terminal  is  connected  at  rf,  the  junction  of  the  lower 
balance  arm  and  the  adjustable  arm.  One  pole  of  the  bat- 
tery is  connected  at  a,  the  junction  of  the  two  balance  arms ; 
the  other  pole  at  d,  the  junction  of  the  adjustable  resistance 
and  the  unknown  resistance.  The  current  from  the  battery 
divides  at  ^ ,  part  of  it  flowing  through  resistances  M  and  X^ 
and  the  rest  through  N  and  P.     When  the  resistances  J/,  iV, 

M     X 
P^  and  X  fulfil  the  proportion  -^z=z—  then  the  two  points  c 

and  d  will  have  the  same  potential,  and  no  current  will  flow 


^!l!lllll^■ 
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Fig.  41. 


through  the  galvanometer  G.  Since  the  resistances  of  J/,  X^ 
and  P  are  known,  the  resistance  of  X  will  be  given  by  the 

fundamental   equation  X  =  -.^  X  P^  when  the  arms   are  so 

i\ 

adjusted  as  to  cause  no  deflection  of  the  galvanometer.  For 
example,  suppose  that  the  two  ends  of  a  copper  wire  are 
connected  to  the  terminals  b  and  r,  and  after  adjusting  the 
resistance  in  the  arm  so  that  the  galvanometer  shows  no 
deflection,  the  resistances  of  the  different  arms  read  as  fol- 
lows: J/—  1  ohm,  X  =  100  ohms,  and  P=  112  ohms.  Then, 
substituting  these  values  in  the  fundamental  equation  gives 


X  112  =  1.12  ohms. 
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j>4.     The  actual  various  forms  of  resistance  linxcs  used 
with  the  bridges  differ  widely  from  the  diagram,  but  all  are   i 
based  upon  this  same  principle  and  fundamental  equation,    j 
A  common  pattern  of  resistance  box  for  this  purpose  is  con-   , 
structed    similar   to  the  adjustable  rheostat,  as   previously 
described,  where  the  adjustments  are  made  with  removable 
pluga.     Ordinarily,  the  contact  pieces  are  arranged  in  the 
shape  of  a  letter  S,  and  the  galvanometer  and  battery  cir- 
cuits are  connected  as  shown  in  Fig.  42.     The  position  of 
the  two  balance  arms  and  the  adjustable  arm  can  be  readily 
seen    by    comparing    the    connections   of    the    battery   and 
galvanometer  circuits  with  those  in  the  original   diagram. 
A' and  A''  represent  keys  for  opening  the  circuits  when  the 
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too  too  so 


plugs  are  withdrawn  or  inserted  in  varying  the  resistance  or 
when  the  bridge  is  not  in  use.  In  this  particular  case,  the 
1,000-ohm  plug  in  the  upper  balance  arm  is  supposed  to  be 
drawn,  and  therefore  M=  1.000  ohms.  In  the  lower  bal- 
ance arm  the  lO-ohra  plug  is  supposed  to  be  drawn,  and 
therefore  A'=  10  ohms.  In  the  adjustable  arm  the  follow- 
ing plugs  are  supposed  to  be  drawn :  1,  S,  5,  10,  20,  100,  200, 
son.  2.000,  and  3,000  ohms;  therefore,  the  resistance  P  is 
the  sum  of  these  resistances,  or  5,838  ohms.  If,  under  these 
conditions,  there  is  no  deflection  of  the  galvanometer  when 
the  two  keys  A'  and  A"  are  pressed  and  both  circuits  are 
cl<«ed.  the  resistance  of  X  will  be  58.1,800  ohras;  for,  sub- 
stituting the  values  of  ^f.  .V.  and  P  in  the  fundamental 
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Kig.  43  shows  a  spccUl  pattern  of  resistance  Iwx  for  a 
Whcatstonc  bridge,  in  which  the  coils  of  the  adjustable  arm 


are  arranged  in  the  form  of  four  dials.  This  pattern  is  known 
as  the  dial  pattern,  and  is  widely  used  in  making  resistance 
measurements. 

Example. — The  diagram  in  Fig.  44  represents  a  particuUr  type  of 
Wheatstones  bridge  to  which  a  battery  and  galvanomeier  are  properly 
connected  for  measuring  unknotFii  resistances.  An  unknown  resist- 
ance .r  is  connected  to  the  terminals  A  and  H\  when  the  plugs  ii.  c,/. 


g,  i,  A,  m,  f.  and  /are  drawn, and  when  Ixitb the contaei 
arc  pressed,  the  galvanometer  shows  no  dedecliun. 


Solution. — Prom  the  < 
circuits,  it  will  be  seen  thai  the  resistance  colls  In  line 
the  upper  balance  arm  Af  o(  the  bridge;  that  Ihc  coils  ' 


and  battery 
G  U  represCTi 
n  the  line  /.'  F 
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reiircscni  the  lower  balance  arm  .V:  and  ibat  the  coils  in  the  lines 
-7  B  and  C  D  represent  the  adjustable  arm  P.  From  the  fundamental 
cqoalitm  of  the  Wheatstone  bridge.  X  (the  unknown  resjslanL.-e)  = 
-Tf  X  /"-     In  this  particular  case,  the  plug  /  in  the  upper  arm  is  drawn; 

bence.  Jf^  10  ohms;  in  the  lower  arm  y  is  drawn;  hence,  N  =  1.000 
ohms;  and  in  the  adjustable  arm,  the  plugs  ii,  e.f.g,  i.  i,  and  m  are 
drawn:   hence,   P=  l.OOO  +  100 +  60  +  20-^10 +  2  +  1  =  1,188  ohms,   i 

tSubslituting  these  values  in  the  fundamental  e<|ualion  gives  X ^ -a 


I>5.     The    Volt,    or   the    Practical    Unit    of    Kleotnc 
motlvp   Force. — In  mechanics,   pressures  of  all   kinds  are 
measured  by  the  effects  they  produce;  similarly,  in  electro-  , 
technics,  potential  is  measured  by  the  effect  it  produces. 

It  has  l^en  shown  that  electrical  potential  will  cause  art 
electric  current  to  flow  against  the  resistance  of  a  conductor, 
and  also  how  the  units  of  resistance  and  current  are  obtained. 
It  follows  that  a  unit  potential  ytoviXA  be  that  electromotive 
force  which  would  maintain  a  current  of  unit  strength  in  a 
circuit  whose  resistance  is  unity.  By  definition,  therefore, 
the  i'olt,  or  the  practical  unit  of  potential,  is  that  electro- 
motive force  which  will  maintain  a  current  of  one  ampere  in 
a  circuit  whose  resistance  is  one  ohm.  With  a  known  resist- 
ance in  ohms  and  a  known  strength  of  current  in  amperes, 
the  electromotive  force  in  volts  is  determined  by  Ohm's  law. 
Art.  34,  for,  by  transposing,  F.  —  C R. 

This  method  of  determining  the  potential  of  a  circuit  can 
be  readily  shown  by  the  following  illustration:  Suppose,  for 
example,  it  is  desired  to  determine  the  electromotive  force 
in  volts  required  to  drive  a  current  of  %  amperes  through  a 
certain  copper  wire.  In  the  first  place,  the  resistance  of  the 
copper  wire  is  found  by  Wheatstone's  bridge  as  previously 
described.  For  convenience,  it  is  assumed  that  its  resist- 
ance is  found  to  be  l.rf  ohms.  Then  the  electromotive 
force  /:*  required  to  drive  'Z  amperes  through  the  wire  will 
be  2.4  volts,  for,  by  substituting,  E—CH  =  ixl.'i' 
=  2.4  volts. 


L 


46 


ELEMENTS  OF 


§8 


The  maximum  difference  of  potential  developed  by  any 
single  voltaic  couple  placed  in  any  electrolyte  is  about 
2.25  volts;  in  the  common  forms  of  cells,  the  difference  of 
p)otential  developed  averages  from  .75  to  1.75  volts. 

56,  When  several  cells  are  connected  in  series^  the  total 
electromotive  force  developed  will  be  equal  to  the  sum  of 
the  electromotive  forces  developed  by  the  separate  cells ;  or, 
if  the  cells  are  comp)osed  of  the  same  voltaic  elements,  the 
total  electromotive  force  developed  will  be  equal  to  the 
electromotive  force  of  one  cell  multiplied  by  the  number  of 
cells  in  series.  For  example,  a  battery  is  com|X)sed  of 
12  cells  connected  in  series,  and  the  electromotive  force  in 
each  cell  is  1.5  volts;  the  total  electromotive  force  of  the 
battery  is,  therefore,  1.5  X  12  =18  volts. 

Connecting  cells  in  parallel^  or  multiple-arc,  does  not 
increase  the  electromotive  force  of  a  battery;  the  electro- 
motive force  will  always  be  equal  to  the  electromotive  force 

of  one  cell,  no  matter  how  many  cells  are 
connected  to  the  main  conductors,  provided, 
of  course,  that  all  cells  develop  equal  electro- 
motive forces. 

57.  Measuring  instruments  called  volt- 
meters have  been  devised  for  indicating  elec- 
tromotive forces  and  differences  of  potential 
directly  in  volts. 

The  C'arclew  voltmeter,  Fig.  45,  depends 
for  its  operation  upon  the  linear  expansion  of 
a  metallic  wire  when  heated  by  an  electric 
current.  The  expansion  wire  iv  is  enclosed 
in  a  loHiX  cylindrical  case  a,  and  is  attached 
in  su(  h  a  way  that  its  expansion  causes  a 
small  grooved  wheel  on  the  axis  of  the  index 
needle  to  revolve  in  one  direction  when  the 
wire  expands,  or  lengthens,  and  in  the  oppo- 
site direction  when  the  wire  contracts,  or 
shortens.  The  movements  of  this  wheel  cause 
the  index  b  to  move  over  the  scale.     Since  the  resistance 
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is  nearly  constant,  the  current  that  will  flow  is  proportional 
to  the  E.  M.  F. ;  the  greater  the  E.  M.  F.  the  more  the 
wire  will  be  expanded,  and  the  greater  will  be  the  conse-  | 
qiicnt  deflection.  The  resistance  of  the  wire,  however,  is 
so  large  as  to  permit  only  a  weak  current  to  pass  through 
it  when  the  needle  is  deflected  over  the  entire  scale.  A 
Canlew  voltmeter  which  indicates  up  to  10<)  voits  has  a 
resistance  of  about  500  ohms.  The  circular  scale  is  divided 
into  small  divisions,  each  representing  one  volt  or  fractions 
or  multiples  of  one  volt. 


58.  The  WostoD  voltmeter.  Fig.  iC>,  is  based  upon  the 
same  principles  as  the  Weston  ammeter,  and  in  appearance 
is  quite  fiimilar  to  it.  Its  internal  resistance,  as  in  all  volt- 
meters, is  exceedingly  large ;  the  resistance  of  a  Weston  volt- 
meter for  indicating  up  to  150  volts  is  about  Iti.OOO  ohms, 
while  the  resistance  of  a  Weston  ammeter,  measuring 
strengths  of  currents  up  to  15  amperes,  is  only  .OOii  ohm. 
It  will  be  seen  that,  owing  to  the  great  resistance,  the  cur- 
rent passing  through  a  voltmeter  is  exceedingly  small.  For 
example,  in  the  instru- 
ment described  above, 
when  indicating  150 
volts,  the  current,  by 
Ohm's  law,  is  only  l.W 
~  19,000  =  .0079  am- 
pere. All  voltmeters 
are  provided  with  at 
least  two  terminals,  or 
binding  posts,  such  as/ 
and  /'.  Fig.  4fi.  Con- 
nections are  made  by  i'[c.4b. 
two  separate  conductors,  called  voltmfter  leads,  from  these 
binding  posts  to  two  points  between  which  the  differ- 
ence of  potential,  or  the  electromotive  force,  is  to  be 
measured. 

The   Weston   voltmeters   usually    have  a   third    binding 
post  /*',  which  when  used  with/'  corresponds  with  a  second 
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graduated  scale  situated  directly  under  the  main  scale,  one 
division  of  the  upper  scale  having  the  value  of  two  lower 
divisions.  The  majority  of  voltmeters  are  also  provided 
with  a  contact  button  ^,  which  when  pressed  closes  the 
circuit  and  allows  the  index  needle  to  be  deflected  by  the 
current.  When  the  pressure  upon  the  button  is  relaxed, 
the  circuit  is  opened,  and  the  index  needle  returns  to  the 
zero  mark. 


1 


59.     The  methods  of  connecting  voltmeters  and  ammeters 

for  measuring  electromotive  forces  and  currents  of  various 

^  circuits  should  be  thoroughly  under- 

h||||[||  ~     -v       stood.     Suppose,  for  example,  that  the 

terminals  of  a  batter}'  composed  of 
four  cells  connected  in  series  are  con- 
j  '-.  nected  to  an  unknown  resistance,  and 
it  is  desired  to  know  the  strength 
of  current  flowing  through  the  circuit, 
and  also  the  difference  of  potential 
required  to  drive  that  current  through 
the  unknown  resistance  when  the  only  instruments  avail- 
able are  an  ammeter  and  a  voltmeter.  In  Fig.  47  let  B  rep- 
resent the  battery  and  A^  the  unknown  resistance:  L\  C\ 
and  (.  '  are  three  large  conductors  for  making  necessary 
oonnecti«>ns.  With  the  connections  as  shown,  there  is 
practically  a  c«  »ntinuous  current  ^ 

rlnwin;^  thri»i:;.:h  the  closed  cir-      ^        ^iMMM ^^' 

cuit.  that  is.  in»m  the  battery  C 
thr. »i:i::h  the  conductors  and  the  | 
unknt.wn  resistance.  The  first  ^ 
step  is  to  determine  the  strengfth 
of  this  current  by  the  use  of  an 
ammeter.  Assuminvr  that  the 
battery  is  constant,  that  is.  that  the  electromotive  f*»rce 
d.rvel-'ped  in  it  d'»es  n^-t  vary,  then,  so  long  as  the  resistance 
«  !*  the  V  ircv.i:  is  n.t  a'.tered.  the  strenirth  i»f  the  current  will 
remain  v.r.chani::ed  and  :. ://  bt  :  ';«•  savw  m  ail  parts  of  the  cir- 
cuit.    Hence,  if  an  ammeter  be  inserted  in  any  part  of  the 
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circuit,  as  between  C  and  C,  Fig.  48,  it  will  measure  the  total 
strength  of  current  flowing  through  the  entire  circuit.  As 
has  been  stated,  the  internal  resistance  of  the  ammeter  is  so 
small  that  its  insertion  makes  no  appreciable  change  in  the 
total  resistance  of  the  circuit,  and  therefore  does  not  to 
any  extent  affect  the  current  flowing.  For  convenience, 
assume  that  the  strength  of  the  current  flowing  in  the  cir- 
cuit is  found  to  be  1.2  amp>eres.  The  next  operation  is  to 
find  the  electromotive  force  required  to  drive  a  current  of 
1.2  amperes  through  the  resistance  A';  or,  in  other  words, 
to  find  the  difference  of  potential  between  the  terminals  / 
and  /'  when  a  current  of  1.2  amperes  is  flowing  in  the  cir- 
cuit. This  is  accomplished  by  connecting  the  two  terminals  / 
and  /',  Fig.  49,  of  the  unknown  resistance  R,  to  the  two  bind- 
ing posts  /  and  /'  of  the  voltmeter  /'J/  l)y  two  voltmeter 
leads  /  and  /'.  Any  small  wires  of  reasonable  length  can  be 
used  for  voltmeter  leads,  as  the  current  they  transmit  is 
exceedingly  weak,  owing  to  the  extrem;ily  high  resistance  of 
the  voltmeter.  After  pressing  the  contact  button,  assume 
the  needle  indicates  a  potential  of  0  volts;  this,  then,  is 
the  electromotive  force  required  to  force  \\  current  of 
1.2  amperes  through  the  unknown  resistance  /v;  or,  in  other 
words,    the   difference    of    potential  jj 

between    the   terminals   /   and    /'    is     / ihhhl W 

f)   volts.      From    these    readings    of  ^ 
the   current    and    voltage,    and    by  I 
the    application  of   Ohm*s   law,   the 
resistance  R  of  the  circuit  between 
/  and   /'   can   be    determined.       By 
algebra.    Ohm's   law   can    be   trans- 

posed  from  the  equation   C   —   .,  to 

R=  ^and  be  equally  true;  this  sig- 
nifies that  the  resistance  R  of  any 
conductor,  or  circuit,  is  etjual  lo  the  electromotive  force, 
or  the  difference  of  potential  /:  in  volts,  divided  by  the 
strength    of  current   C  in  amperes    flowing    through    that 
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circuit   or   conductor.     In  the  previous  case,   it  has  been 

found  that  it  requires  an  electromotive  force  of  6  volts  to 

drive  a  current  of  1.2  amperes  through  the  resistance  R\ 

E        6 
hence,  from  Ohm's  law,  ^  =  -?^  =  -—  =  5  ohms. 


APPIilCATIONS    OF    OHM'S    ILiAW. 


TO  CIX)SEI>  CIRCUITS. 

60,  The  following  facts  are  to  be  carefully  noted  regard- 
ing the  application  of  Ohm*s  law  to  closed  circuits: 

The  strength  of  current  (C)  is  the  same  in  all  parts  of  o- 
closed  circuity  except  in  the  cases  of  derived  circuits^  uglier e 
the  siivi  of  the  currents  in  the  separate  branches  is  always 
equal  to  the  current  in  the  main  or  undivided  circuit. 

The  resistance  (R)  is  the  resistance  of  the  internal  circuit 
plus  the  resistance  of  the  external  circuit. 

The  electromotive  force  (E)  in  a  closed  circuit  is  the  total 
generated  difference  of  potential  in  that  circuit. 

61.  The  followirii^  formula  may  be  used  to  determine 
the  strength  of  current  in  amperes  flowing  in  a  closed  circuit 
when  the  electromotive  force  and  the  total  resistance  are 
known : 

C  =  ^.  (6.) 

where  C  =  current  in  amperes; 

/:  =  electromotive  force  in   volts; 
R  =  resistance  in  ohms. 

That  is  to  say,  / he  strength  of  current  in  amperes  is  found 
by  dividing  the  electromotive  force  in  volts  by  the  total  resist- 
ance in  oil  1)1  s. 

Example. — The  two  electrodes  of  a  simple  voltaic  cell  are  connected 
by  a  conductor  whose  resistance  is  l.G  ohms.  If  the  internal  resistance 
of  the  cell  is  5  ohms  and  the  total  electromotive  force  developed  is 
1.75  volts,  what  is  the  strength  of  current  flowing  in  the  circuit? 
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Solution. — Let  r/  =  the  internal  resistance  and  r^  =  the  resistance 
of  the  copper  wire.  Then,  ^  =  r<H-r«  =  1.6  +  5  —  6.6  ohms,  the  total 
''esistance  ot  the  circuit.     Then,  by  formula  6,  the  current 

^      E      1.75       ._  . 

c  =  -5  =  -^-3-  =  .265  ampere.     Ans. 

A  0.0 

62.  The  following  formula  may  be  used  to  find  the  total 
Resistance  in  ohms  of  a  closed  circuit  when  the  electromotive 
^orce  and  the  strength  of  current  are  known : 

^ = f ,      (7.) 

the  letters  having  the  same  significance  as  in  formula  6. 
By  formula  7  it  will  be  seen  that  t/ie  resistance  in  ohms  of  a 
closed  circuit  is  found  by  dividing  the  electromotive  force  in 
Z'oits  by  the  current  in  amperes. 

Example. — The  total  electromotive  force  developed  in  a  closed 
circuit  is  1.8  volts  and  the  strength  of  the  current  flowing  is  .6  ampere ; 
find  the  resistance  in  ohms. 

Solution. — By  formula  7,  the  resistance 

R  z=  ~  =  — ^  =  3  ohms.     Ans. 

C  .D 

63.     The  following  formula  may  be  used  to  find  the  total 

electromotive  force  in  volts  developed    in  a  closed    circuit 

when  the  strength  of  current   and   the   total  resistance  are 

known : 

E=  C  R.  (8.) 

The  letters  have  the  same  meaning  as  in  formulas  (> 
and  ?•  We  find  here  that  the  elect roviotivc  force  in  volts 
developed  in  a  closed  circuit  is  obtained  by  multiplying  together 
the  current  in  amperes  and  the  resistance  in  ohms. 

Example. — The  internal  resistance  of  a  closed  circuit  is  2  ohms  and 
the  external  resistance  is  3  ohms;  if  the  current  flowing  is  .4  ampere, 
what  is  the  electromotive  force  developed  ? 

Solution. — Let  ri  =  the  internal  resistance  and  ;v  =  the  external 
resistance.  Then,  ^  :=  r/  -h  r^  =  2  +  3  =  5  ohms.  By  formula  8,  the 
electromotive  force 

j?=:  C-^  =  .4  X  5  =  2.0  volts.     Ans. 
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TO  DROP.  OR  LO«ISw  OF  POTEVTIAL. 

64.  Referring  again  t*>  water  flowing  in  a  pipe,  it  "^ 
evident  that  although  the  quantity  of  water  which  passc^^ 
is  the  5^ame  at  any  cross-section  of  the  pipe,  the  prt\ 
sure  per  square  ineh  is  not  the  same.  Even  in  the  ci 
of  a  horizontal  pipe  of  the  same  diameter  throughout 
the  water  when  flowing  suffers  a  loss  of  head,  or  pres^ " 
sure.  It  is  this  difference  of  pressure  that  causes  thc^^ 
water  to  flow  between  two  points  ag^insc  the  friction  of^^ 
the  pipe. 

This  is  precisely  similar  to  a  current  of  electricity  flowing 
through  a  conductor.  Though  the  quantity  of  electricity 
that  flows  is  equal  at  all  cross-sections,  the  electromotive 
force  is  by  no  means  the  same  at  all  points  along  the  con- 
ductor. It  suffers  a  loss,  or  drop,  of  electrical  potential  in 
the  direction  in  which  the  current  is  flowing,  and  it  is  this 
difference  of  electrical  potential  that  causes  the  electricity 
to  flow  against  the  resistance  of  the  conductor.  Olifns  laic 
not  only  gives  the  strength  of  the  current  in  a  closed  cir- 
cuit, but  als<^>  the  differ ence  of  potential  \n  volts  along  that 
cir^  iiit.  The  dilTcrenct*  <»f  p<_)tential  (E')  in  volts  between 
any  two  ]>oints  alont^  a  (  ircuit  is  equal  to  the  prmiuct  of  the 
slr«rn;^th  of  ihf  current  ((  )  in  amperes  and  the  resistance 
(/v  )  in  ohms  of  that  part  of  the  circuit  between  those  two 
]>oints.  or  /:  =--  C  R\  which  is  an  example  of  the  use  of 
formula  S.  /:  also  represents  the  loss^  or  drop,  of  jx)ten- 
tial  in  volts  between  the  two  points.  If  any  two  of  these 
(juantities  are  known,  the  third  can  be  readily  found;  for, 

-      7:'  E 

bv  transf)o.sinj^,  C  =  ,/,  and  R'  =  -^-.    as    already    given    in 

A  C 

formulas  (>  and  7. 

KxAMPLK.  —  V'\^.  r><)  represents  part  of  a  circuit  in  which  a  current  of 

a  b  c  d  ^  amperes  is  flowing.     The  re- 

'*  "^T'T'"^  sistance  from  ^  to  ^  is  1.5  ohms, 

!''♦••  •'i^'-  from  /^  to  r  is  2.3  ohms,  and  from 

c  to  //  is  ii  (t  ohms.     Find  the  difference  of  potential  between  ti  and  /^, 

/f  and  I .  (■  and  t/,  and  a  and  r/. 

SonrioN.— Since,  by  formula  8,  A"  —  C  R\  then. 
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the  difference  of  potential  between  a  and  ^  =  8  X  l-')  =  4.5  volts. 

^  and  r  =  3  X  2.«  =  6.9     •* 
rand//=3  X  3.6  =  10.8   '* 
^  and  ^/ =  4.5 -f  6.9 -h  10.8  = 
22.2  volts;  or.  in  other  words,  the  /oss,  or  {/rop,  of  potential  caused  by 
a.  current  of  3  amperes  flowing  between  a  and  i/  is  22.2  volts. 

65.  In  a  great  many  cases  it  is  desirable  to  have  the 
current  flow  from  the  source  a  long  distance  to  some  elec- 
trical receptive  device  and  return  without  causing  an  exces- 
sive drop,  or  loss,  of  potential  in  the  conductors  leading  to 
and  from  the  two  places.  In  such  circuits,  the  greater  part 
of  the  total  generated  electromotive  force  is  expended  in  the 
receptive  device  itself,  and  only  a  small  fraction  of  it  is  lost 
in  the  rest  of  the  circuit.  Under  these  conditions,  it  is  cus- 
tomary to  decide  upon  a  certain  ^/rt>/,  or  loss,  of  potential 
beforehand,  and  from  that  and  the  current  calculate  the 
resistance  of  the  two  conductors. 

Example. — It  is  desired  to  transmit  a  current  of  5  amperes  to  an 
electrical  device  situated  500  feet  from  the  source ;  the  total  fjeiierated 
E.  M.  F.  is  120  volts,  and  only  ^  of  this  potential  is  to  be  lost  in  the 
conductors  leading  to  and  from  the  receptive  device.  (</)  Find  the 
resistance  of  the  two  conductors,  and  {b)  find  the  resistance  per  foot  of 
the  conductors,  assuming  each  to  be  500  feet  long. 

Solution. — {a)  ^  of  120  volts  =12  volts,  which  represents  the 
drop,  or  /oss,  of  potential  on  the  two  conductors.  Let  /C  —  12  volts; 
C=5  amperes;  and  .^' =  the  total  resistance  of  the  two  conductors. 
Then,  by  formula  7, 

£'      12 

R'  =  -pr  =  -=-  =  2.4  ohms.     Ans. 
C         0 

{d)    The  resistance  per  foot  of  the  conductor  is  found  by  formula  1 . 

In   this  case,   r»=  2.4  ohms;    A  =  1,000  feet;    A  -  1  foot.    Then    tlie 

resistance  per  foot 

2  4^1 
r,  =  ^^^  =  .0024  ohm.     Ans. 


TO  VOLTAIC   CKLT.S. 

66.  The  difference  of  potential  between  the  two  elec- 
trodes of  a  simple  voltaic  cell  when  no  current  is  flowing — 
that  is,  when  the  circuit  is  open — is  always  equal  to  the  tota? 
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electromotive  force  developed  within  the  cell;  but  when  a 
current  is  flowing — that  is,  when  the  circuit  is  closed — ^a  cer- 
tain amount  of  potential  is  expended  in  forcing  the  current 
through  the  internal  resistance  of  the  cell  itself.  Hence, 
the  difference  of  potential  between  the  two  electrodes  when 
the  circuit  is  closed  is  alwavs  smaller  than  when  the  circuit 
is  open.  This  difference  of  potential  between  the  two  elec- 
tro<les  when  the  circuit  is  closed  is  sometimes  called  the 
available  or  external  eloctromotive  force,  to  distinguish  it 
from  the  internal  or  total g'enera ted  electromoiive  force. 

67.     To  find  the  available  electromotive  force  of  a  cell, 

let    E  =  the  total  generated  E.  M.  F. ; 

/i'  =  available  E.  M.  F.  when  the  circuit  is  closed ; 
C   =  the  current  flowing  when  the  circuit  is  closed ; 
r,  =  the  internal  resistance  of  the  cell. 

Then,  the  drop,  or  loss,  of  potential  in  the  cell  =  Cr^^  and 
the  available  electromotive  force 

/{'  =  E-'Cn.  (9.) 

T/ie  available  elect rotnotive  force  of  a  cell  is  equal  to  the  dif- 
fere  nee  betiKuen  the  total  i^enerated  eleetrojnotive  force  and  the 
potential  expended  in  forcing  the  current  through  the  internal 
resistance  of  the  cell  ichen  the  circuit  is  closed.  From  Ohm's 
hnv,  this  loss,  or  drop,  of  potential  in  the  cell  itself  is  equal 
to  the  product  of  the  internal  resistance  in  ohms  and  the 
strenj^th  of  the  current  in  amperes  flowing  through  the  cir- 
cuit. 

KxAMPLK.— In  a  voltaic  ctll,  the  total  j^enerated  E.  M.  F.  is  2.2  volts 
and  the  internal  resistance  is  H  (.hm.  If  a  current  of  1.2  amperes  flows 
throuj^h  the  cell  when  the  circuit  is  closed,  what  is  the  available 
K.  M.  F.,  or,  in  other  words,  the  dilTerenceof  i>otential  between  the  two 

electrodes  ? 

Solution. —Let  /:  —  the  available  E.  M.  F. ;  E—  the  total  gener- 
ated electromotive  force;  C' =  the  current  in  amperes;  and  r^  =  the 
internal  resistance. 

Then,  by  formula  0, 

E  =  i;-  Cri  =  2.2  -  .1.2  X  .8)  =  1.24  volts.     Ans. 
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TO  DERIVED  ClItCUITS. 

68.  In  treating  upon  derived  circuits,  only  that  part 
of  the  circuit  will  be  considered  which  is  divided  into 
branches  and  each  branch  transmitting  part  of  the  total 
current;  the  rest  of  the  circuit  is  assumed  to  be  closed 
through  some  electric  source,  as,  for  instance,  a  voltaic 
battery. 

Before  applying  Ohm's  Jaw  to  derived  circuits,  the  word 
conductivity  %\io\3\^  be  thoroughly  understood.  Conductivity 
can  be  defined  as  the  facility  with  which  a  body  transmits 
electricity,  and  is  the  opposite  of  resistance.  For  example, 
copjjer  is  of  low  resistance  and  high  conductivity;  mercury 
is  of  high  resistance  and  low  conductivity.  In  other  words, 
conductivity  is  the  inverse  or  reciprocal  of  resistanc  e.  There 
is  no  established  unit  of  conductivity;  it  is  used  merely  as  a 
convenience  in  calculations.  For  example,  if  the  resistance 
of  a  circuit  is  2  ohms,  its  conductivity  is  represented  by 
one-half;  if  the  resistance  is  increased  to  4  ohms,  the  con- 
ductivity would  only  be  one-half  as  much  as  in  the  former 
case  and  would  be  represented  by  one-quarter. 

The  conductivity  of  any  conductor  is,  therefore,  unity 
divided  by  the  resistance  of  that  conductor;  and,  conversely, 
the  resistance  of  any  conductor  is  unity  divided  by  its  con- 
ductivity. 

69.  Fig.  51  represents  a  derived  circuit  of  two  branches. 
Let    r,    and    r,  =  the    separate    resistant  es    of    the    two 

branches;  r,  and  r,  =  the  separate  currents  in  each  branch, 
respectively;  and  C=the  sum  of  the  currents  in  the  two 
branches;  that  is,  the  current  in  the  main  or  undivided 
branch.     Then,  c^-{-c^  =  C\  and  C  —  i\^    i  i\. 

When  the  current  flows  from  a  to  /\  if  the  resistances 
r,  and  r,  are  equal,  the  current  will  divide  eciualiy  between 
the  two  branches;  thus,  if 
a  current  of  2  amperes  is  C  ^ 
flowing  in  the  main  circuit,  ^ 

1  ampere  will  flow  through  -^ 

each  branch.  fio.  51. 
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When  the  resistances  of  the  two  branches  are  unequal,  the 
current  will  divide  between  them  in  inverse  proportion  to 
their  respective  resistances.  In  Fig.  51  the  resistances  of 
the  two  branches  are  r,  and  r,.     Therefore,  ^, :  r, : :  r, :  r,. 

By  algebra,  this  proportion  gives  the  two  following 
formulas : 

Cr 
For  the  first  branch,  r,  =  — — ?— .  (lO.) 

That  is,  of  two  branches  in  parallel^  dividing  from  a  main 
circuity  the  current  in  the  first  branch  is  equal  to  the  current 
in  the  main  multiplied  by  the  resistance  of  the  second  branchy 
and  the  product  divided  by  the  sum  of  the  resistances  of  the 
two  branches. 

Cr 

For  the  second  branch,  r,  =  — — ^— .  (11.) 

Of  two  bratuhes  in  parallel ^  dividing  from  a  main  circuity 
the  current  in  the  second  branch  is  equal  to  the  current  in  the 
main  multiplied  by  the  resistance  of  the  first  branchy  and  the 
product  divided  by  the  sum  of  the  resistances  of  the  two 
branches. 

Example. — Suppose  the  resistance  r^  of  the  first  branch  is  2  ohms, 
and  the  resistance  r^  of  the  second  branch  is  8  ohms,  find  the  separate 
currents  i\  and  c-i  in  the  two  branches,  respectively,  when  the  current  C 
in  the  main  or  undivided  branch  is  00  amperes. 

Solution. —  r,  —  2  ohms,  /-j  =  8  ohms,  and  C  =  60  amperes.  To  find 
the  current  r,  in  the  first  branch,  substitute  these  values  in  formula  lO, 
which  will  give 

Cr,         60x8       180       _  . 

Ci  = —    ^      ,■  =    ,    z=  80  amperes.     Ans. 

To  find  the  current  r-i  in  the  second  branch,  substitute  these  values 
in  formula  1  I,  which  will  give 

Cr,         00x2      120      ^,.  . 

Ci  = —  — — ~  rr  ■       —  24  amperes.     Ans, 

/i   +   r-j        2  H-  8  5  * 

70.  It  is  clear  that  two  conductors  in  parallel  will  con- 
duct an  electric  current  more  readily  than  one  alone;  that 
is,  their  joi/if  cofidi(ctivity  is  greater  than  either  of  their 
separate  conductivities  taken  alone.     This  being  the  case, 
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their  resistances  must  follow  the  inverse  law — viz.,  the  joint 
resistance  of  two  conductors  in  parallel  must  be  less  than 
either  of  their  separate  resistances  taken  alone. 

Rule. — If  the  separate  resistances  of  tivo  conductors  are 
equals  their  joint  resistance  when  connected  in  parallel  is  one- 
half  of  the  resistance  of  either  conductor. 

For  example,  take  two  CDnductors,  the  separate  resistance 
of  each  being  2  ohms,  and  connect  them  in  parallel ;  their 
joint  resistance  will  then  be  one-half  their  separate  resist- 
ance, or  1  ohm. 

71.  When  the  separate  resistances  of  two  conductors  in 
parallel  are  unequal,  the  determination  of  their  joint  resist- 
ance when  connected  in  parallel  involves  some  calculation. 

In  Fig.  51,  the  conductivities  of  the  branches  are       and 

— .     Hence,    their   joint   conductivity    when    connected    in 

.     1        I       r  +  r 

parallel  is 1 = -?— ! — i-;    now,    since  the    resistance    of 

r       r         r  r 

any  conductor  is  the  reciprocal  of  its  conductivity,  then 

the  joint   resistance  of   the   two   branches    in    parallel    is 

r  A-  r 
the  reciprocal  of  their  joint  conductivity;  or,  1  -:-    '         '  — 


r  r 

13 


r  r 
— ^—2—.     Hence,  joint  resistance 

R'  =  — 'A-.  (12.) 

^1  +  ^ 

That  is,  the  joint  resistance  of  two  conductors  connected  in 
parallel  is  equal  to  the  product  of  their  separate  rcsisUDucs 
divided  by  the  sum  of  their  separate  resistances. 

Example. — In  Fig.  51,  given  r,  —  2  ohms  ami  /'a  r^  3  ohms;  find 
their  joint  resistance  in  parallel. 

Solution. — From  formula  12,  their  joint  resistance 

o,        rxr^        2  X  '^      0      . ,     ,  , 

R'  = =  ,    -—  r_  -  —  1^  ohms.     Ans. 

ri  -h  r,      2  t  :3      i) 
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72.     Fig.    52    represents    a    divided     circuit    of     three 
_jr^_  branches.      Let  r„  r„  and  r, 

^  r       Ci  *    ^  be   the   separate    resistances 

of   those   branches,   respect- 
ively.    Then,   — ,      ,  and  — 

represent  the  separate  con- 
ductivities of  the  three  branches,  respectively.     Their  joint 

conductivitv  =  — h  -    =  -  — ^— ' — '—^—^ — '— ^.     Since  the 

I        .  r  r  T 

joint  resistance  is  the  reciprocal  of  their  joint  conductivity, 
then  it  is  equal  to 


1-^ 


. ^^+^^+^^„        ^^r 


Hence,  the  joint  resistance  of  three  branches  in  parallel 

^^  +  ''.  ^  +  ^^ 

That  is,  tJie  joint  resistance  of  three  or  more  conductors 
connected  in  parallel  is  equal  to  the  reciprocal  of  their  joint 

conductivity. 

Example. — In  Fig.  5'2,  given  r,  =  5  ohms;  r^  =  10  ohms;  and  rj 
—  *^()  ohms;  tind  their  joint  resistance  from  a  to  b. 

Solution. — By  formuhi  l.'J,  their  joint  resistance 

.,     _  /-,  ;-,  /  3  5  X  10  X  20  _  1,000  _  20 

^        '  r-i  r,  ^  r\  r-,   r-  f\  r\  ~  To^^io  -f  5~X  20  -+-  5  X  10  ~    350"  ~    7 

--  2:}  ohms.     .Vns. 

7t$.  In  a  derived  circuit  of  any  number  of  branches,  the 
dilTerence  of  potential  between  where  the  branches  divide 
and  where  they  unite  is  ecjual  to  the  product  of  the  sum  of 
the  currents  in  the  separate  branches  and  their  joint  resist- 
anc  e  in  parallel,  as  will  be  apparent  from  consideration  of 
Ohm's  law.  Art.  \\\. 

\'i)X  example,  if  the  currents  in  the  three  branches.  Fig.  52, 
are  ]<J,  S,  and  4  amperes,  respectively,  and  the  joint  resist- 
ance from  a  to  b  is  2  5  ohms,  then  the  difference  of  potential 
between  a  and  /;  =  (10  +  8  +  4)  X  2?  =  28  X  V"  =  ^^  volts. 
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74.  The  separate  currents  in  the  branches  of  a  derived 
circuit  can  be  determined  by  finding  the  difference  of  poten- 
tial between  where  the  branches  divide  and  where  they 
unite,  and  dividing  the  result  by  the  separate  resistance  of 
each  branch. 

For  example,  in  Fig.  52,  assume  that  the  separate  resist- 
ances of  the  three  branches  are  5,  10,  and  20  ohms,  respect- 
ively, and  that  the  difference  of  potential  between  a  and  b 
is  80  volts.  Then,  the  current  in  the  first  branch  is  Y 
=  If)  amperes;  in  the  second,  -{J  =  8  amperes;  and  in  the 
third,  52  =  4  amperes. 

75.  The  separate  resistances  of  the  branches  of  a  derived 
circuit  can  be  determined  by  finding  the  difference  of  poten- 
tial between  where  the  branches  divide  and  where  they 
unite,  and  dividing  the  result  by  the  separate  currents  in 
each  branch. 

For  example,  in  Fig.  52,  assume  the  difference  of  poten- 
tial between  a  and  h  to  be  80  volts  and  the  currents  in  the 
separate  branches  to  be  16,  8,  and  4  amperes,  respectively; 
then,  the  resistance  of  the  first  branch  is  ?J  =  5  ohms;  of 
the  second,    Y"  =  1^  ohms;  and  of  the  third,  Y  —  -0  ohms. 

Example. — Fig.  53  represents  a  closed  circuit,  part  (»f  Avhich,  from 
a  to  b,  forms  a  derived,  or  shunt,  circuit  of  three  separate  branches 
A,  B,  and  C  in  parallel;  r,,  r,, 
and  ra  represent  the  separate 
resistance  of  the  branches,  re- 
spectively, from  aXob\  and  A" 
represents  the  resistance  of  the 
rest  of  the  closed  circuit  from 
b  to  a  in  the  direction  in  which 
the  current  is  supposed  to  be 
flowing,  including  the  internal 
resistance  of  the  battery  A' 
Let  r,  =2  ohms;  r,  =  3.2  ohms; 
rj  =4.4  ohms;  and  ^'  =  .8  ohm. 
If  a  current  of  2  amperes  is  flowing  in  the  main,  or  undivided,  circuit, 
find  the  total  electromotive  force  developed  in  the  battery  A'. 

Solution. — From  the  application  of  Ohm's  law  to  closed  circuits, 
formula  8,  -^=  C  R^  where  E  is  the  total  electromotive  f(»rce  devel- 
oped within  the  electric  source;  C"  the  strength  of  current  flowing;  and 
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A*  the  tot^l  resisrance  of  the  circuit  through  which  the  current  passes. 
In  this  particular  problem,  the  total  resistance  of  the  closed  circuit 
will  be  the  joint  resistance  of  the  three  branches  in  parallel,  plus  the 
resistance  R  of  the  rest  of  the  circuit-  Hence,  first  find  the  joint 
resistance  of  the  three  branches  A,  B,  and  C  in  parallel  from 
*j  to  h.     By  formula  13,  the  joint  resistance  of  three  conductors  in 

parallel   is  ^ — - — .  where  r,.  r,.  and   r,  represent  the 

r,  r,  -  r:  r,  —  r^  r<i 

feparate   resistances  of    the    three    conductors.      Substituting  gives 

2x3.2x4.4  38.16      _^^  _  g^.-     u_ 

32x4.4*2x44-^2x32"  14-1»«  *  8.?*  -^  6  4  ~  29.28  ~  *  * 

I  he  joint  resistance  of  the  three  branches  A,  B,  and  C  in  parallel 

from  .7  to  A     The  total   resistance  of  the  closed  circuit  is,   therc- 

f  >re,  .9617  ~  .8  =  1.7617  ohms,  and  JE"  =  T  X  ^  =  2  X  17617  =  3.5234 

volts.     Ans. 


ELECTRICALi  QUANTITT. 

76.  The  rate  of  flow  of  liquids  is  expressed  in  units  of 
quantity  per  second  or  minute,  and  similarly  the  strength 
of  an  electric  current  can  be  defined  as  a  quantity  of  elec- 
tricity flowing  per  second.  The  practical  unit  of  electrical 
quantity  is  called  the  coulomb. 

The  ti  uiOJfib  is  siti//  a  quantity  of  electricity  as  ivill  pass 
in  cnc  second  throu^^Ji  a  circuit  in  lohich  the  strength  of  cur- 
rent  is  i  nc  ampere. 

As  >tated  previously,  the  quantity  of  electricity  is  calcu- 
lat<.d  fr«»m  the  streiiirth  <A  current:  it  cannot  be  actually 
measured.  F«»r  example,  suppose  the  strength  of  current 
in  a  <]')Sc(l  <  ireuit  t«»  l>e  !<»  amperes,  as  measured  by  an  am- 
mrttr:  if  surh  a  current  llt>ws  for  only  one  second,  the 
quantity  ••!  electric  ity  which  has  passed  around  the  circuit 
is  iM  c«)ul«»ml»s:  l»ut  it  the  current  flows  for  two  seconds,  the 
quantity  of  electricity  \v«iul(i  be  'it*  coulombs. 

Hence,  to  calculate  the  cjuantity  of  electricity  which  has 
passed  in  a  circuit  in  a  certain  time  when  the  strength  of 
the  current  in  amperes  is  known: 

Let  O  —  the  quantity  <>f  electricity  in  coulombs,  C  the 
stren;.'^th  of  current   in  amperes,  and  /  the  time  in  seconds. 

Then,  Q=Ct.  (14.) 
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If  any  two  of  these  quantities  are  known,  the  third  can  be 

readily  found.     By  transposition,  C  =  -y  and  /  =  ^. 

Therefore,  to  obtain  the  quantity  of  current  which  has 
passed  through  a  circuit  in  a  given  time,  multiply  the 
strength  of  current  in  amperes  by  the  time  in  seco7ids. 

Example. — Find  the  quantity  of  electricity  in  coulombs  that  flows 
around  in  a  closed  circuit  in  \\  hours  when  the  strength  of  current  is 
12  amperes. 

Solution. — Reducing  the  time  to  seconds  gives  1.5  x  60  X  60 
=  5,400  seconds;  hence,  /  =  5,400  seconds  and  C  =  12  amperes.  Then 
from  formula  14, 

g  =  C/  =  12  X  6,400  =  64,800  coulombs.     Ans. 


EliECTRICAIi  WORK. 

77.  When  an  electric  current  flows  from  a  higher  to  a 
lower  potential,  electrical  energy  is  expended  and  iK*ork  is 
done  by  the  current.  The  principle  of  the  conservation  of 
energy  teaches  that  energy  can  never  be  destroyed  ;  it  follows, 
therefore,  that  if  energy  has  to  be  expended  in  forcini^ 
a  quantity  of  electricity  against  a  certain  amount  of  resist- 
ance, the  equivalent  of  that  energy  must  he  transformed 
into  some  other  form.  This  other  form  is  usually  heat; 
that  is,  when  a  quantity  of  electricity  flows  aji:ainst  the 
resistance  of  a  conductor,  a  certain  amount  of  clccirical 
energy  is  transformed  into  heat  energy. 

The  actual  amount  of  heat  develoi)ed  is  an  exat  t  ecjuiva- 
lent  of  the  work  done  in  overcoming  the  resistanee  of  the 
conductor,  and  varies  directly  as  that  resistance.  For 
example,  take  two  wires,  the  resistance  of  one  being  twice 
that  of  the  other,  and  send  currents  of  ecjual  strengths 
through  each.  The  amount  of  heat  developed  in  the  wire 
of  higher  resistance  will  be  twice  that  developed  in  the  wire 
offering  the  lower  resistance. 

The  unit  used  to  express  the  amount  of  me(  hanical  work 
done  is  known  as  the  foot-pound.  The  work  done  in  rais- 
ing any  mass  through  any  height   is  found  by  multiplying 
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the  weight  of  the  body  lifted  by  the  vertical  height  through 
which  it  is  raised;  similarly,  the  practical  \xn\toi  electrical 
zcork  is  that  amount  accomplished  when  a  unit  quantity  of 
electricity,  one  coulomb^  flows  between  potentials  differing 
bv  one  volt. 

The  unit  of  electrical  work  is,  therefore,  the  volt-coulomh, 
and  is  called  the  Joule, 

I  Joule  =  .7373  foot-pound. 

78.  By  means  of  the  following  formulas,  we  may  find 
directly  the  amount  of  electrical  work  accomplished  m  joules 
during  a  given  time  in  any  circuit : 

Let  J  =  electrical  work  in  joules; 
6  =  current  in  amperes; 

/  =  time  in  seconds  during  which  the  current  flows; 
E=  potential,  or  E.  M.  F.,  of  circuit; 
R  =  resistance  of  circuit. 

When  the  current  and  electromotive  force  are  known, 

J=CEt.  (16.) 

When  the  current  and  resistance  are  known, 

J=  C'Rr.  (16.) 

When   the  resistance  and  electromotive  force  are  known, 

/--^>.  (17.) 

To  determine,   therefore,    the    electrical   work   done  in  a 

given  time,  ifiultif^ly  tJic  quantity  of  electricity  in  coulombs 

icJiicJi  Jias  passed  in  iJic  circuit  during  that  time  by  the  loss, 

or  dr(f/>,  of  /potential  as  uuasurcd  directly^  or  as  computed 

from  the  :'alucs  of  the  current  and  resistance. 

KxAMPLK.  —  Find  the  amount  of  work  clone  in  joules  when  a  current 
of  1"»  amperes  tlows  for  ^  an  hour  a^^ainst  a  resistance  of  2  ohms. 

Solution.  — Reducin^r  tlie  time  to  seconds  gives  30  X  60  =  1,800 
seconds  r-  A  The  current  =r  C' =  15  ami>eres,  and  the  resistance  = 
2  ohms  =  A'.     Then,  by  formula  1  (>,  the  electrical  work  done 

/=  15  X  15  X  2  X  1,800  =::  810,000  joules.     Ans. 
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79.  When  the  work  in  joules  is  known,  the  work  in 
foot-pounds 

F.  P.  =  .7373/.  (18.) 

That  is,  the  equivalent  work  done  in  foot-pounds  is  obtained 
by  multiplying  the  number  of  joules  by  .7373. 

Example. — Express  the  work  done  in  foot-pounds  in  a  circuit  when 
a  current  of  8  amperes  flows  for  2  hours  between  potentials  differing 
by  10  volts. 

Solution. — Reducing  the  time  to  seconds  gives  2  x  60  X  ^  -  7,200 
seconds  =  t.  The  current  =  8  amperes  =  C,  and  the  electromotive 
force  =  10  volts  =  E.  Then,  by  formula  15,  the  electrical  work  done 
=  /=  8  X  10  X  7,200  =  576,000  joules.  Expressed  in  foot-pounds,  this 
will  be,  by  formula  18, 

F.  P.  =  .7373  X  676,000  =  424,684.8  foot-pounds.     Ans. 


ELECTRICAL.  POWER. 

80.  Power,  or  rate  of  doing  work^  is  found  by  dividing 
the  amount  of  work  done  by  the  time  required  to  do  it. 
In  mechanics,  the  unit  of  power  is  called  the  lioi-sepower ; 
in  electrotechnics,  the  unit  of  power  is  the  watt.  It  is 
found  by  dividing  the  amount  of  electrical  work  done  by  the 
time  required  to  do  it. 

Let  E  =  the  electromotive  force  in  volts;  Q,  the  quantity 
of  electricity  in  coulombs;  C,  the  current  in  amperes;  and 
W^  the  power  in  watts. 

By  formula  16,  the  amount  of  electrical  work  J  =  C  E  t. 

Then,  .    PF=  —~  =  C  E.  (19.) 

The  power  in  watts  is  equal  to  the  strength  of  current  in 
amperes  multiplied  by  the  electromotive  force  in  volts. 

Example. — ^What  is  the  power  in  watts  developed  in  a  closed  circuit 
in  which  a  current  of  12  amperes  is  flowing  between  potentials  diflfer- 
ing  by  26  volts  ? 

Solution. —  .^=25  volts  and  C  =  12  amperes.  Hence,  by  for- 
mula 19, 

W:=z  CE-  12  X  25  =  300  watts.     Ans. 
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By  taking  into  consideratioa  the  resistance  of  the  circuit, 
the  equation  f«>r  determining  the  power  in  vatts  may  be 
eioressed  in  two  other  wavs: 

By  derivation  from  formula  16, 

/^  V?/ 
jr=i-^  =  r'^.  {20.) 

That  is,  fh^  p<ru;€r  in  watts  is  equal  to  the  strength  of  cur- 
rent in  amperes  squared^  mnltiplirJ  br  the  resistance  in  ohms. 

Example. — Find  the  power  in  vatts  in  a  closed  circuit  in  which  a- 
current  of  90  amperes  is  flowing  against  a  resistance  of  3  ohms. 

SoLUTiox. —    C  =  30  and  R  =  Z.    Hence,  by  formola  SO, 

/r=  O  ^  =  30*  X  8  =  2,700  watts.    Ans. 
By  derivation  from  formida  17, 

That  is,  the  power  in  watts  is  the  quotient  arising  from 
dividing   the  elect rofnotive  force  in   volts  squared    by  the 

Ttsistanci  in  cluns. 

Kx  AMPLE. — The  dropiif  p.>tential  in  a  closed  circuit  when  a  current 
i-  r'.-rA  ir.ir  j^  •>•»  v. .It^  and  ihc  resistance  is  IH  ohms;  what  is  the  power 
ir.  watt>  exp»cnded  ? 

S'LiTiMN—    /:' =  ei)   volts  and    A*  =  10  ohms.      Hence,   by    for- 

m  • '  1 ',     »>  1 

Jf'=    ,7  =  -      =  40  watts.     Ans. 

Si.     Onr  watt  t'Cjuals  -l^<»f  a  horsepower;  or,  1  horse- 

j>o\v«r  (Mjuals  14»>  watts. 
If  II.  P.  —  liorstrpower, 

H.  p.  =^'{-.  (22.) 

That  is,  /()  ixprt'ss  iJic  rate  of  doing  electrical  ivork  in 
/lorst  f'oioir  units,  find  tJic  number  of  watts  and  divide  the 
nsult  by  7JJJ. 


§  8  ELECTRICITY  AND  MAGNETISM.  65 

The  horsepower  may  also  be  expressed  by  three  other 
equations,  by  expressing  the  watts  in  terms  of  electromo- 
tive force,  current,  and  resistance,  as  obtained  from  for- 
mulas 19,  20,  21,  viz. : 

EC  C^  R  F^ 

H.  P.  =  ^;  H.  P.  =  ^^;  and  H.  P.  = 


746  ' 746  ' 746  A'* 

Example. — Given,  current  =  50  amperes  and  electromotive  force  = 
250  volts ;  express  the  power  directly  in  horsepower  units. 

Solution. —    -E  =  250  volts ;   C=  50  amperes;  hence, 

„   ^       EC     250x50      ^^_^. 
H.  P.  =  -=73-  =      „.-2r  •  =  16.756  horset>ower.     Ans. 
74o  74o 

Example. — Given,  strength  of  current  =  25  amperes  and  resist- 
ance =  14.d2  ohms;  express  the  power  directly  in  horsepower  units. 

Solution. —    C=  25  amperes;  ^  =  14.92  ohms;  hence, 

„  -,        aR      25*  X  14.92      ^...  . 

H.  P.  =  -rija'  =    ~  rjAtt ~  ^*-^  horscpowcr.     Ans. 

Example. — Given,  electromotive  force  =  110  volts  and  resistance 
=  4  ohms;  express  the  power  directly  in  horsepower  units. 

Solution. —    £"=110  volts;  A'  =  4  ohms;  hence. 

E*  110* 

^'  ^*  ~  lAA  JP  ~  Tlfl — i  ^  4.055  horsepower.     Ans. 

82.  To  express  the  power  in  watts  when  the  horsepower 
is  known,  use  the  following  formula : 

W  =  H.  P.  X  746.  (28.) 

That  is  to  say,  the  power  in  zca/Zs  is  found  by  niu/tipiyini^ 
the  horsepower  by  HO. 

Example. — Express  the  equivalent  of  4.J^5  horsepower  in  watts. 

Solution. —    H.  P.  =4.35;   by  formula  tJ.*i,  the   electrical   power 

W=i  4.35  X  746  =  3,245.1  watts.     Ans. 

83.  The  watt  is  too  small  a  unit  for  convenient  use  in 
expressing  the  output  of  large  dynamos,  so  the  kilowatt  is 
generally  used.  One  kilowatt  is  equal  to  1,000  watts  or 
about  1 J  horsepower.  For  example,  if  a  dynamo  were  rated 
at  75  kilowatts,  it  would  have  an  output  of  75,000  watts  or 
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p-'U^hly  ab»jut  1»»  horsep»>wer.  The  klloiwatt-boiir  is  a 
unit  -jf  u-L>rk  conim«jalv  used  in  electrical  work.  It  is  the 
am«>unt  ot  •uxrk  d«>ae  when  1  kilowatt  is  expended  for 
1  hour,  or  \  kilowatt  for  :i  hours,  etc.  The  kilowatt-hours 
are.  therefore,  found  by  multiplying  the  average  number  of 
kilowatts  by  the  average  number  of  hours  during  which  the 
kil«jwatts  were  expended.  Since  1  kilowatt  =  IjXm)  watts, 
1  kilowatt-hour  =  1.«>X»  watt-hours.  Now  1  watt  expended 
for  1  second  is  equal  to  1  joule:  hence.  1  kilowatt-hour 
=  l,tX»0  V  3,r;»»  =  3,»;«>\«1«»  joules,  or  3. •;«».<»)  X  .73:3 
=  *2,»»->4.2.>*)  foot-p<-junds-  The  kilowatt-hour  represents  a 
definite  amount  of  work,  whereas  the  kilowatt  expresses  the 
rate  at  which  work  is  done,  and  is,  therefore,  a  unit  of  power. 
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ELECTROMAGNETIC  INDUCTION. 

1.  It  has  been  shown  that  an  electric  current  circulating 
around  a  coiled  conductor  produces  lines  of  force  which 
thread  through  the  coil,  entering  at  one  end  and  leaving 
at  the  other.     So  long  as  the  current  in  the  coil  remains  at 
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a  constant  strength,  the  lines  of  force  have  direction  and 
position  only;  unless  influenced  by  some  exterior  magnetic 
substance,  they  do  not  increase  or  diminish  in  number,  or 
change  their  position  relatively  to  the  coil.     Fig.  1  reprc- 


NoTE. — This  section  is  the  same  as  that  formerly  entitled  Dyfta?/tos 
and  Motors^  Part  2. 

For  notice  of  the  copyright,  see  pa>(e  immediately  followintf  the  title  pajje. 
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fj'l'I  'A?.'-r':  a:!  *r.'^r  !:r.-:-  f  f'r:^  are  t-arallel  to  one  another. 
Tr.'-  'I;;i;^-;ir:;,  r:;^.  ;;,  ^^■p^e^n:^  a  cp.»ss-sectional  view  of 
f>iiOi  a  fj' i^!.     Th':  '^I'^ts  represent  the  ends  of   the  lines  of 
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force ;  their  direction  is  assumed  to  be  downwards,  piercing 
the  paper,  or,  in  other  words,  the  observer  is  looking  along 
the  lines  of  force  toward  the  face  of  a  south  magnetic  polo. 
As  the  coil  enters  the  magnetic  field  with  its  plane  at  right 
angles  to  the  lines  of  force,  a  current  will  be  induced  in  the 
coil  and  the  galvanometer  needle  will  be  deflected;  this 
induced  current  is  produced  by  a  change  in  the  number 
of  lines  of  force  which  pass  through  the  coil,  as  in  the  pre- 
vious case.  Withdrawing  the  coil  from  the  magnetic  field 
will  also  induce  a  current  in  the  circuit,  but  it  will  deflect  the 
galvanometer  needle  in  an  opposite  direction,  showing  that 
the  current  in  the  circuit  is  reversed. 
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If  the  coiled  conductor  be  straightened  out,  forming  one 
long  conductor,  and  then  moved  across  the  magnetic  fk-ld  iit 
right  angles  to  the  lines  of  force,  as  represented  in  Tig.  4, 
a  current  will  be  generated  in  the  circuit.  The  curnnt, 
however,  immediately  subsides  when  the  motion  ceases,  no 
matter  whether  the  conductor  is  in  the  magnetic  field  or 
otherwise.  Should  the  conductor  be  moved  in  the  magnetic 
field,  with  its  length  parallel  to  the  lines  of  force,  as  in 
Fig.  6,  no  current  will  be  generated  in  the  circuit.  From 
these  two  experiments  the  following  principle  is  deduced: 
ll7icn  a  conductor  is  moved  across  a  magnetic  field  so  that 
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coiled  conductor  acts  as  if  possessing  inertia;  any  sudden 
change  in  the  strength  of  the  current  produces  a  correspond- 
ing electromotive  force  which  opposes  that  change  and  tepds 
to  keep  the  current  at  a  constant  strength. 


6.  In  mutual  Induction,  two  separate  coiled  con- 
ductors, one  conveying  a  current  of  electricity,  are  placed 
near  each  other,  so  that  the  magnetic  circuit  produced  by 
the  one  in  which  the  current  flows  is  enclosed  by  the  other, 
as  shown  in  Fig.  7,  where  the  current  circulates  around  the 
coil  P  when  the  circuit  is  closed  at  key  b.  The  coil  P  is 
called  the  primary,  or  exciting,  coll ;  the  other  coil  5 
is  the  secondary  coll. 

Any  sudden  change  in  the  strength  of  the  current  circu- 
.^ -...^  lating  around  the  prima- . 
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Fig.  7. 


ry  coil,  as,  for  instance, 
breaking  the  circuit  at 
^,  produces  a  corre- 
sponding change  in  the 
number  of  lines  of  force 
in  the  magnetic  circuit 
which  passes  through 
both  coils,  and  hence  an 
electromotive  force  is 
induced  in  the  secondary  coil.  If  the  primary  circuit  is 
completed  at  b  and  the  current  tends  to  rise  in  that  coil, 
the  electromotive  force  induced  in  the  secondary  coil 
causes  a  current  to  circulate  around  in  it  in  the  opposite 
direction  t(^  the  current  in  the  primary  coil.  If,  on  the 
contrary,  the  circuit  at  b  is  suddenly  opened  and  the  cur- 
rent in  the  primary  decreases,  the  in4uced  electromotive 
force  in  the  secondary  causes  a  current  to  circulate  around 
in  it  in  the  same  direction  as  the  current  in  the  primary 
coil. 


To  make  this  clear,  suppose,  in  Fig.  7,  the  current  in  the 
primary  coil  to  he  suddenly  established  by  closing  the  switch 
at  b.  The  lines  of  force  will  surround  the  conductors  and 
spread  out  in  all  directions.     The  lines  of  force  spreading  out 
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in  the  direction  of  arrow  A  cut  the  conductors  of  the  second- 
ary coil.  The  resulting  current  in  the  secondary  would  have 
the  same  direction  were  the  lines  of  force  stationary,  as 
shown,  and  the  coil  S  moved  along  the  core  in  the  direction 
of  arrow  B,  Then,  according  to  the  thumb-and-finger  rule, 
the  current  will  flow  in  the  secondary  coil  in  a  direction 
opposite  to  that  in  the  primary.  Similar  reasoning  will 
show  that  when  the  primary  circuit  is  broken  and  the  lines 
of  force  collapse,  the  direction  of  the  current  in  the  second- 
ary coil  S  will  be  the  same  as  that  which  existed  in  the 
primary. 

7.  The  direction  of  an  induced  current  in  a  coil  depends 
upon  the  direction  of  the  lines  of  force  in  the  coil  and 
whether  their  number  is  increasing  or  diminishing.  If 
these  two  facts  are  known,  the  direction  in  which  the  cur- 
rent circulates  around  the  coil  is  determined  by  the  follow- 
ing rule : 

Rule. — If  the  effect  of  the  action  is  to  diminish  the  number 
of  lines  of  force  that  pass  through  the  coil,  the  current  zcill 
circulate  around  the  coil  in  the  direction  of  the  niovcnicnt  of 
the  hands  of  a  watch  as  vieived  by  a  person  looking  along  the 
magnetic  field  in  the  direction  of  the  lines  of  force  ;  but  if  the 
effect  is  to  increase  the  yiumber  of  lines  of  force  that  pass 
through  the  coil^  the  current  will  circulate  around  in  the 
opposite  direction. 

For  example,  in  the  diagram,  Fig.  3,  when  the  coil  is 
inserted  into  the  magnetic  field,  thereby  increasing  the 
number  of  lines  of  force  which  pass  through  the  coil,  the 
current  circulates  from  b  around  the  coil  to  a,  and  thence 
through  the  galvanometer  to  b  again;  when  the  coil  is 
withdrawn  and  the  number  of  lines  diminishes,  the  current 
circulates  in  the  opposite  direction,  that  is,  from  a  around 
the  coil  to  ^,  and  thence  through  the  galvanometer  to  a 
again.  That  end  of  the  coiled  conductor  from  which  the 
current  flows  to  the  external  circuit,  as  from  a  through 
the  galvanometer,  in  the  first  case,  is  the  positive  pole  or 
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inai  of  the 
erminal. 


in  the  second  case,  b  is  the  positive  pole 


iferring  to  the  straight  conductor  in  which  a  cur- 
is        lerated  by  moving  it  across  a  magnetic  field  at 
■  aj.       s  to  the  lines  of  force,  the  direction  of  the  current 
■■■■uuuctor  depends  upon 'the  relation  of  the  direction 
les  of  force  to  that  of  the  moving  conductor.     The 
tor  must  necessarily  be  moved  across  the   magnetic 
L  some  angle  to  the  lines  o'  force,  and  the  current  gcn- 
jicu  in  the  conductor  will  tenu  to  flow  at  right  angles  to 
lines  of    force    and    at  ri]         angles  to  the  direction  in 
h  the  conductor  is  moving.     In  Fig.  -l,  if  the  conductor 
^ed  from  left  to  right  across  the  lines  of  force,  the  cur- 
lerated  in  it  will  tend        flow  upwards  through  the 
,.iji.ior:  that  is,  from  b  to  «  inrough  the  conductor,  then 
■m  a  U*  b  through  the  galvan     tieter.     If  the  conductor  is 
■ved  in  the  opposite  direction,  that  is,  from  right  to  left. 

^nt  in  the  conductor  will  tend  to  flow  in  a  reversed  j 
,  that  is,  from  a  ia  b  through  the  conductor  and^ 
irum  0  to  a  through  the  galvanometer,  A  convenient* 
method  for  remembering  the  direction  of  a  current  gener-  -- 
ated  in  a  straight  conductor,  when  the  conductor  is  movet^^ 
in  a  magnetic  field  at  right  angles  to  the  lines  of  force,  is  a.^ 
follows : 

Rule. — Place  thumb,  forefinger,  and  middle  finger  of  tKt^ 
right  hand  so  that  each  will  be  perpendicular  to  the  other 
tivo ;  if  the  forefinger 
points  in  the  direction  ef 
the  lines  of  force  and  the 
thumb  points  in  the  direc- 
tion toward  which  the 
conductor  is  moving,  then 
the  middle  finger  wilt 
point  in  the  direction 
toward  which  the  current 
generated  in  the  conductor 
tends  to  fiffw. 
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j,        For  example,  in  Fig.  8,  if  a  vertical  conductor  be  moved 

"     across  the  front  of  the  north  pole  jV  of  the  magnet  in  the 

direction  toward  which  the  thumb  points,  the  current  gen- 

''     erated  in  the  conductor  will  flow  downwards,  that  is,  in  the 

■     direction  toward  which  the  middle  finger  is  pointing. 

!'        The  summary  of  these  electromagnetic  induction  experi- 

I     iiients  can  be  stated  as  follows:     Ehxtromotive  forci's  are 

grncrateii  tn  a  conductor  moving  in  a  magnetic  field  at  right 

angles  to  the  direction  of  (he  lines  of  force,  or  are  induced  in 

a  coiled  conductor  when  a  change  occurs  in  the  number  of 

^/f^v  of  force  which  pass  through  the  coil. 

PHYSIC  AX   THEORY    OF    THE    DY:NA>I0. 

9,  In  Fig.  9,  a  rectangular  coil  of  copper  wire  is  placed 
,  in  the  center  of  a  uniform  field  with  its  plane  lying  perpen- 
,     dicular    to    the    lines      „ 

of  force;  in  this  posi-      ■* — ■- 

tion,  the  coil  encloses 

the  greatest  number 
1  of  lines  of  force.  A 
I  voltmeter  V  M  for 
,  measuring  small 
,,  E.  M.  F.-s  is  con- 
I  nected  to  the  two  ends 
'  of  the  coil,  as  shown 
\     in  the  diagram.     The 

circuit  in  the  vcilt- 
I  meter  is  kept  closed, 
I     and    any    E.     M.    P. 

generated  in  the  < 

ductor  will  be  indicated  by  the  deflectio 

So  long  as  the  coil  remains  at  rest  in 

E.  M.  F.  is  generated;  but  i 

on  an  axis  in   its  own   plane,   such  as  represented   by  the 
line  m  n,  in  the  direction   indicated  by  the 
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arrows.  As  the  coil  starts  to  rotate,  its  sides  c  d  and  cf  begin 
to  cut  the  lines  of  force  at  right  angles,  thus  generating  an 
E.  M.  F.  in  each  side.  From  the  thumb-and-finger  rule, 
the  E.  M.  F.  generated  in  the  upper  side  tends  to  cause  a 
current  to  flow  from  y  to  e\  and  in  the  lower  side,  the  cur- 
rent tends  to  flow  from  d  to  c.  Hence,  the  E.  M.  F.'s 
generated  in  the  two  sides  are  added  together,  and  the  total 
E.  M.  F.  generated  by  the  coil  is  indicated  by  the  V  M 
between  a  and  b,  the  end  b  forming  the  positive  terminal  of 
the  coil.  If  the  coil  is  rotated  at  a  uniform  angular  veloc- 
ity, that  is,  if  the  speed  of  rotation  is  constant  throughout 
each  revolution,  the  deflection  of  the  voltmeter  becomes 
greater  as  the  coil  revolves  from  its  vertical  p)osition 
until  it  passes  through  one-quarter  of  a  revolution  and 
reaches  a  position  where  its  plane  lies  parallel  to  the  lines 
of  force. 


— J^ 


10.     The  diagram,   Fig.   10,  represents  an  end  view  of 
the  coil  in  two  positions:  position  i,  as  shown  by  the  dotted 

^ lines,  represents  the  coil 

standing  vertically  at 
the  moment  of  starting, 
and  position  2,  as  shown 
by  the  full  lines,  repre- 
sents the  coil  lying  hor- 
izontally after  passing 
through  one-quarter  of 
a  revolution.  The  de- 
flection of  the  needle,  if 
read  at  frequent  inter- 
vals during  this  quarter 
of  a  revolution,  gradu- 
ally increases,  bcginninj^  at  zero  in  position  1  and  reaching  a 
maximum  at  i)()sition  2.  The  gradual  rise  of  the  E.  M.  F.  in 
the  circuit  while  the  coil  is  revolving  from  position  i  to  posi- 
tion 2  can  be  graphically  shown  by  means  of  cross-section 
paper,  Fig.  11.  The  horizontal  divisions  represent  equal 
intervals  of  time,  and  the  sum   of   the  divisions  between  A 
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and  B  is  the  total  time  occupied  by  the  coil  in  revolving  one- 
quarter  of  a  revolution;  the  vertical  divisions  represent 
E,  M.  F.,  and  the  sum  of  the  divi- 
sions between  A  and  K  is  the 
total  E.  M.  F,  that  is  being  gener- 
ated in  the  coil  when  it  is  passing 
through  position  3.  The  vertical 
distances  between  the  line  A  B 
and  the  curved  line  represent  the 
E.  M,  F.  which  is  being  generated  fio.ii. 

in  the  coil  at  every  instant  during  its  rotation  between  posi- 
tions 1  and  2.  For  example,  let  each  vertical  division  repre- 
sent 2.5  volts;  then,  the  distance  between  A  and  Y 
represents  10  volts.  When  the  coil  has  revolved  one-third 
of  the  distance  between  positions  1  and  3,  Fig.  10,  it  has 
consumed  one-third  of  the  time;  hence,  at  this  instant 
the  E.  M.  F.  that  is  being  generated  in  the  coil  is  repre- 
sented by  the  number  of  divisions  between  the  line  A  B 
and  the  curved  line,  at  one-third  the  distance  toward  B, 
which  equals  two  divisions;  or  3  x  2.5  =  5  volts.  When  the 
coil  travels  two-thirds  the  distance  between  positions  1  and  2, 
the  E.  M.  F.  that  is  being  generated  at  that  instant  is 
represented  by  the  number  of  divisions  between  the  line  A  B 
and  the  curved  line  at  two-thirds  the  distance  toward  B, 
which  equals  about  3.48  divisions,  or  3.48  X  3.5  =  8.7  volts. 

11.     After  the  coil  passes  through  position  ^,  theE.  M.  F. 
that   is   being   generated   begins   to   diminish,    and  by  the 
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time  the  coil  has  revolved  one-half  of  a  revolution 
once  more  in  a  vertical  position,  the   E.  M.  F.  falls  1 


12  DYNAMOS  AND  MOTORS.  §  9 

again.  The  E.  M.  F.  that  is  being  generated  at  every 
instant  during  one-half  of  a  revolution  can  be  shown  by  a 
continuation  of  the  curve  on  cross-section  p>aper.  Fig.  12. 
The  sum  of  the  divisions  between  A  and  C  represents  the 
total  time  occupied  by  the  coil  in  rotating  one-half  of  a  rev- 
olution. It  will  be  seen  that  the  maximum  E.  M.  F.  that  is 
being  generated  at  any  instant  is  at  position  ^,  Fig.  10, 
which  corresponds  to  B^  Fig.  12.  In  this  position  the  plane 
of  the  coil  lies  parallel  to  the  lines  of  force,  and  its  sides, 
corresponding  to  r  ^and  e/.  Fig.  9,  are  cutting  the  lines  of 
force  at  exactly  right  angles.  The  sides  of  the  coil  at  the 
moment  of  passing  through  this  position  are  cutting  more 
lines  of  force  for  equal  intervals  of  time  than  in  any  other 
position  during  the  first  half  of  a  revolution. 

From  this  fact  the  following  principle  is  deduced:  The 
E.  M.  F.  generated  in  a  moving  conductor  cutting  lines  of 
force  at  right  angles  is  directly  proportional  to  the  rate  of 
cuttijig.  Suppose,  for  example,  that  a  magnetic  field  con- 
tains 100,000  lines  of  force,  and  that  a  conductor  is  moved 
across  the  field  at  right  angles  in  such  manner  as  to  cut 
every  line  of  force.  If  the  time  occupied  by  the  conductor 
in  passinjT  across  the  field  is  one  second,  then  the  rate  of 
cuttiiif^  is  100,000  lines  per  second;  or,  if  it  occupied  two 
seconds,  the  rate  of  cutting  is  50,000  lines  per  second,  and 
so  on.  The  E.  M.  F.  generated  in  the  former  case  is  twice 
as  great  as  that  generated  in  the  latter.  The  method  for 
determining  the  number  of  lines  of  force  in  a  magnetic  field 
will  he  described  later. 

12.  Fig.  13  shows  the  coil  after  being  rotated  one-half 
of  a  revolution.  As  soon  as  the  coil  starts  on  the  last  half 
of  the  revolution,  its  sides  c  d  and  e  f  q\\\.  a  few  lines  of 
force,  and,  consequently,  an  E.  M.  F.  is  generated  in  each 
si(U\  The  V^.  M.  F.,  however,  tends  to  cause  a  current  to 
flow  in  the  coil  in  an  opposite  direction  to  that  which  tends 
to  flow  during  the  first  half  of  the  revolution.  For,  by 
applying  the  thumb-and-fingcr  rule,  the  E.  M.  F.  generated 
in  the  sides  tends  to  cause  a  current  to  flow  from  c  to  d  and 
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from  e  to  f;  the  end  a  of  the  coil,  which  in  the  first  half 
of  the  revolution  was  the  negative  terminal  of  the  coil,  now 

forms  the  positive  ter-      ,^ __^_ 

minal.     Hence,  in  or-      ■* ^ 

der  to  allow  the  cur- 
rent to  enter  the  posi- 
tive binding  post  of 
the  voltmeter,  the 
connections  must  be 
reversed. 

The  E.  M.  F.  that 
is  generated  as  the 
coil  is  rotated  through 
the  last  half  of  the 
revolution  gradually 
rises  as  in  the  first 
half,  reaching  a  maxi- 
mum height  when  the  plane  of  the  coil  lies  parallel  to 
the  lines  of  force,  and  afterwards  falling  to  zero  again 
as  the  coil  reaches  a  vertical  position.  In  Fig.  14,  the 
E.  M.  F.  that  is  generated  in  the  coil  at  every  instant 
during   one   complete   revolution   is   graphically  shown   by 
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the  use  of  the  cross-section  paper.  The  sum  <)f  the  divi- 
sions between  A  and  E  represents  the  time  occupit-il  by 
the  coil  in  making  one  complete  revolution;  the  divisions 
between  A  and  Y  represent  the  E.  M.  F,  which  tends  to 
send  a  current  in  one  direction  through  the  coil,  as  in  the 
first  half  of  the  revolution,  and  the  divisions  between  A  and 
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A'  represent  the  E.  M.  F.  which  tends  to  send  a  current 
through  the  coil  in  an  opposite  direction,  as  in  the 
last  half  of  the  revolution.  The  divisions  between  the 
curved  line  and  the  line  A  £,  or  base  line,  give  the 
E.  M.  F.  that  is  being  generated  in  the  coil  at  any  instant 
during  the  revolution,  and  the  direction  in  which  the 
E.  M.  F.  tends  to  act  depends  upon  whether  this  E.  M.  F. 
falls  above  or  below  the  base  line  A  E,  For  convenience, 
let  the  direction  in  which  the  E.  M.  F.  tends  to  act  in  the 
first  half  of  the  revolution  be  called  the  positive  (+)  direc- 
tion, and  in  the  last  half  the  negratlve  (— )  direction. 
For  example,  the  E.  M.  F.  that  is  generated  in  the  coil 
when  it  has  revolved  three-quarters  of  a  revolution  is  repre- 
sented by  the  distance  between  Z?and  the  curved  line,  which, 
in  this  case,  is  two  divisions;  and  since  these  divisions  are 
below  the  base  line,  the  direction  in  which  this  E.  M.  F. 
tends  to  act  is  negative. 

13.  In  Fig.  15,  instead  of  connecting  the  external  cir- 
cuit directly  to  the  ends  of  the  coil,  suppose  the  wires  <^ 
and  /  to  be  bn^ught  to  two  brushes  r  and  ^,  which  lie  in  a 
horizontal  position  and  bear  on  the  two  collector  rings  x 
and  r,  respectively.  These  collector  rings,  it  will  be  seen, 
are  connected  to  the  two  ends  of  the  coil;  x  \,o  a  and  j  to  b. 

The  resistance  of  the  entire  circuit,  including  the  coil, 
ammeter,  collector  rings,  and  brushes,  is  comparatively 
small;  hence,  any  E.  M.  F.  generated  in  the  coil  causes  a 
corresponding  current  to  flow  through  the  circuit,  and  its 
strcni^th  is  indicated  by  the  ammeter  A,  J/.  AVhen  the  coil 
begins  to  revolve,  a  feeble  E.  M.  F.  is  generated  in  it,  as 
previously  described.  This  E.  M.  F.  causes  a  corresponding 
current  to  flow  through  the  circuit  in  a  positive  direction; 
as  the  E.  M.  F.  becomes  larger,  the  strength  of  current 
in  the  circuit  becomes  greater,  and  vice  versa.  After  the 
coil  is  rotated  one-half  of  a  revolution  and  the  direction  in 
which  the  K.  M.  F.  tends  to  act  becomes  negative,  the 
direction  of  the  current  in  the  circuit  is  also  reversed.  If 
there  is  no  self-induction  to  retard  the  rise  and  fall  of  the 
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current  in  the  circuit,  the  strength  of  the  current  in  the 
circuit  at  any  instant  is  exactly  proportional  to  the  E.  M.  F. 
that  is  being  generated  in  the  coil  at  that  moment;  for, 
ording  to   Ohm's  law,  the   strength  of  current   in   any 


circuit  is  equal  to  the  E.  M.  F.  generated  in  that  circuit, 
divided  by  its  resistance.  The  rising  and  falling  and  also 
the  reversing  of  the  current  in  all  parts  of  the  circuit  for  each 
revolution,  therefore,  can  be  represented  graphically  on  cross- 


section  paper  in  the  same  manner  as  previously  described  for 
the  E.  M.  F.  Fig.  1(J  represents  the  rising,  falling,  and 
reversing  of  the  current  in  the  circuit  for  three  complete  and 
itive  revolutions  of  the  coil;   the  divisions  between 
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E  23C  7.  2ti>i  /  and  J/  rcOTcscsi  the  tinK  of  each 
:.  Ttsz^riw^'.j .  Tbe  dirisSc^is  btt'w'een  the  base 
an-c  the  mrrec  lirie  aSr-re  ibe  base  liae  represent 
-:h  '>f  current  in  ibe  cirrzr:  wbcn  ihc  direction  of 
»>it:ve,  arid  tb-:?se  ^>:'W  riepiresent  the  strength  of 
b-tn  tbe  cirectirQ  cc  z^yw  is  negatire.  Revolving 
brrt:  re,  at  a  orcistaast  speed  generates  a  current 
'Tz}*^  -w'TLich^  in  every  oc<iip3eie  revolution,  rises 
t :.  a  maximuiD  strength  and  falls  to  zero  in  one 
then  is  reversed,  aad  the  same  effect  is  produced 
rrfifte  direction.  In  either  ^tMxis,  the  current  in  the 
trna:cs  from  one  directioo  to  the  c^posite  direc- 
b  revo]uti'>n. 
trie  c-^rrent  of  this  character  floving  through  a 


is  termed  an  alte 


14.     Tbe   neit   step   is   to  demonstrate  the  principle  of 

changing,  f.-r  ccmmuting^  this  alternating  current  into  a  t<m- 
tinuous,  or  dirict^   current ;  that  is,  a  current  which  alwavs 


flow<    in    the  sam«,'  direction  through    the  external  circuit. 
In    Fig.    17,   the    two  ends  of  the  coil  are  fastened  to  two 
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halves  J  and  j' of  a  metallic  tube.  These  halves  are  called 
M<K>iients,  and  in  this  case  are  separated  by  a  small  air 
space,  the  rigidity  of  the  coil  holding  them  apart.  The 
combination  of  the  two  segments,  or,  in  fact,  any  number 
of  segments  held  together  in  this  position,  is  called  the  ooni- 
matator.  Two  copper  strips  -\-B  and  —B,  called  brushes, 
press  against  the  segments,  and  are  held  in  a  horizontal 
position  while  the  coil  is  rotated.  The  brushes  rub,  or 
brush,  against  the  segments  and  make  electrical  contact 
only. 

When  the  coil  is  in  a  vertical  position,  as  represented  in 
the  figure,  both  brushes  rest  against  both  segments ;  but  as 
soon  as  the  coil  starts  on  the  first  half  of  a  revolution  in  the 
direction  indicated  by  the  arrows,  the  brush  ~B  leaves  seg- 
ment /  and  rubs  only  against  segment  s\  brush  -\rB  leaves 
segment  s  and  rubs  only  against  segment  s.  As  previously 
described,  the  electromotive  force  that  is  generated  in  the 
coil  during  the  first  half  of  a  revolution  causes  a  current  to 
flow  from  a  through  the  coil  to  b,  and  from  b  through  the 
external  circuit  to  a  again,  making  b  the  positive  end  of  the 
coil.  Hence,  in  this  case,  -^-B  is  the  positive  brush,  and 
the  current  in  the  external  circuit  flows  in  the  direction 
indicated  by  the  arrowheads.  As  the  coil  starts  on  the  last 
half  of  a  revolution,  the  direction  of  the  current  in  the  coil 
changes,  and  a  becomes  the  positive  end  of  the  coil.  But 
the  current  in  the  external  circuit  continijes  to  flow  in  the 
same  direction  as  in  the  first  half  of  the  revolution,  and  -\-B 
remains  the  positive  brush.  For,  at  the  beginning  of  the 
second  half  of  a  revolution,  when  end  a  of  the  coil  becomes 
positive,  —B  leaves  segment  s  and  makes  contact  with  jr', 
and  4-^  leaves  s'  and  makes  contact  with  s.  Hence,  the 
current  in  the  external  circuit,  during  a  complete  revo- 
lution, flows  from  the  positive  brush  -^B  through  the 
ammeter  A  M  and  the  resistance  Re  to  the  negative 
brush  —B\  that  is.  the  current  in  the  external  circuit  flows 
cnntinMally  in  the  same  direction,  while  the  current  in  the 
CQJI  itself  flows  in  two  directions  during  every  revolution, 
ite  strength  of  the  current  in  the  external  circuit  is  by 
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no  means  constant;  it  rises  from  zero  to  a  maximuin 
strength  and  falls  again  to  zero  twice  in  every  revolution, 
but  always  in  the  same  direction.  The  effect  is  graphically 
shown  in  Fig.  18  by  the  use  of  cross-section  paper,  where 
the  divisions  between  A  and  E,  E  and  /,  and  /  and  ^f  repre- 
sent the  time  occupied  by  the  coil  in  rotating  each  revolu- 
tion, respectively,  and  the  vertical  divisions  between  the 
base  line  A  M  and  the  curved  line  represent  the  strength  of 


i/  '^  V  V  ^^  N/'  ^ 

^A              CEO                  1                 Ki              M 

X                                                       Time. 

Fig.  la 

the  current  in  the  external  circuit  at  every  instant  during 
the  three  revolutions.  The  effect  is  produced  continually 
in  the  external  circuit  if  the  coil  is  rotated  at  a  constant 
speed.  These  impulses  in  the  strength  of  the  current  give 
it  the  name  of  pulsating  current. 

A  consideration  of  the  preceding  paragraphs  will  show 
the  student  that  direct-current  dynamos  require  commu- 
tators, while  alternating-current  dynamos  employ  only  col- 
lector rinj^s. 

15.  In  I^'i^.  Vj,  two  separate  coils  are  placed  in  a  mag- 
netic field  at  rij^ht  anij^les  to  each  other.  Four  metallic 
s(!;^inents  .v,  s\  s\  and  s'"  are  cut  from  a  cylindrical  ring  to 
form  the  commutator,  and  are  separated  from  one  another 
by  small  air  spaces;  the  two  ends  of  each  coil  are  connected 
to  two  opjjosite  segments  in  such  manner  that  an  imaginary 
diauK'ter  connecting  the  two  segments  together  would  lie  at 
right  angles  to  the  plane  of  their  coil,  as  shown  in  the  figure. 
Two  metallic  brushes  -\-/>  and  — />  rub  against  the  com- 
mutator, touching  the  two  segments  diametrically  opposite 
to  each  (;ther.  A  line  drawn  through  the  center  of  the 
commutator,  connecting  the  contact  ends  of  the  two 
brushes,  should  lie  at  right  angles  to  the  direction  of  the 
lines  of  force   in  the  magnetic  field  in  which  the  coils  are 
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rotated.  As  the  two  coils  and  commutator  arc  rotated  in 
the  direction  indicated  by  the  arrows,  the  two  brushes  rub 
against  the  segments  consecutively  and  always  make  con- 
tact with  the  two  ofiposite  ones.  The  brushes  are  connected 
to  an  exemal  circuit  consisting  of  the  ammeter  A  M  and 
the  resistance  Re.  At  the  position  nf  the  coils  in  the  figure, 
the  brushes  are  rubbing  against  the  segments  x  and  j',  which 


are  connected  to  the  ends  of  the  horizontal  coil.  From 
previous  experiments,  it  will  be  seen  that  at  this  position 
the  horizontal  coil  is  generating  a  maximum  E.  M.  F., 
which  tends  to  send  a  current  from  d  through  the  coil  to  b; 
hence,  the  current  is  fli>wing  in  the  external  circuit  from  -f-^ 
to  ~B.  After  the  coils  and  commutator  are  rotated  one- 
eighth  of  a  revolution  from  this  position,  and  the  E.  M.  F.  in 
the  coil  begins  to  fall,  the  brush  -\-B  passes  from  segment  s 
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to  segment  /,  and  brush  —  B  passes  from  ^  to  y ".  The 
E.  M.  F.  that  is  being  generated  in  the  vertical  cofl  when 
the  brushes  pass  to  segments  s  and  s"  \s  nearly  maxi- 
mum. Consequently,  the  strength  of  the  current  which  has 
been  flowing  in  the  external  circuit  fnxn  the  other  coil  does 
not  decrease  to  zero:  it  onlv  diminishes  a  small  amount 
before  the  segments  of  the  next  coil  make  contact  with  the 
brushes,  when  it  begins  to  increase  again.  It  will  be  seen 
that  during  one  complete  revolution  of  the  moving  parts,  the 
brushes  passed  over  four  segments;  also  that  the  direction 
of  the  current  produced  is  from  the  c«>ils  to  brush  -p-fi,  and 
into  them  from  brush  —B.  These  actions  produce  a  direct 
current  in  the  external  circuit  which  flows  continuallv  in  the 
same  direction,  but  whose  strength  fluctuates,  or  changes, 
regularly  four  times  in  every  revolution. 

By  res<jrting  again  to  the  cross-section  paper,  the  fluctua- 
tions of  the  current  in  the  exterior  circuit  can  be  graphically 
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shown.  In  Fij^.  •2«>.  the  divisions  between  the  base  line 
.  /  J/  represent  the  strength  of  current  in  the  external  cir- 
euit  for  three  complete  revolutions.  So  long  as  the  speed 
of  rf>tation  is  unif<  trm.  the  current  decreases  to  a  little  less 
than  three-quarters  "f  its  maximum  strength,  provided,  of 
course,  the  resistance  of  the  external  circuit  is  not  altered; 
the  dotted  curved  lines  indicate  how  the  strength  of  the 
current  would  fall  t«»  zero  if  (.>nly  one  of  the  coils  were  used. 
The  strength  of  such  currents  can  be  made  more  uniform 
and  the  pulsati«»ns  less  noticeable  by  using  several  coils  con- 
nected to  the  segments  of  a  commutator,  the  planes  of  the 
coils  being  placed  at  efpial  angles  from  one  another.  A  con- 
tinuous current  of  uniform  strength  is  known  as  a  constant 
current 
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16,  It  has  already  been  stated  that  the  permeability 
of  iron  is  much  greater  than  that  of  air;  or,  in  other  words, 
if  a  piece  of  iron  were  inserted 
in  a  magnetic  field,  the  num- 
ber of  lines  of  force  in  the 
field  would  be  greatly  in- 
creased. Hence,  if  the  coils 
are  wound  around  a  cylindri- 
cal drum  of  iron,  as  shown  in 
Fig.  21,  the  number  of  lines  ■ 
of  force  passing  through  the 
coils  is  increased,  and  the 
greater,  since  the   E.  M.  F. 


FiO.  SI. 

.  M.  F.  that   is  generated 


:  proportional  to  the  rate  of 
cutting  of  the  lines  of  force.  The 
coils  are  entirely  insulated  from 
the  iron  core  by  some  non-conduct- 
ing material,  such  as  cloth,  mica, 
or  paper;  otherwise,  they  would 
be  short-circuited  on  the  core;  that 
ia,  the  current  would  flow  through 
'  the  iron  instead  of  passing  into 
"'"  **■  the   external   circuit.      The  other 

conditions  remain  unchanged;  i.  e.,  the  lines  of  force  have 
the  same  direction  as  in  the  previous  cases,  and  remain  in 
one  position  while  the  coils  are  revolved.  The  core  shoukl 
not  be  made  of  one  solid  mass  of  iron;  for,  if  such  were  the 
case,  the  core,  when  rotated,  would  act  as  a  large  closed 
conductor,  cutting 
lines  of  force  at 
right  angles.  The 
E.  M.  F.  generated 
in  the  core  would 
cause  local,  or 
eddy,  currents  to 
flow  through  the 
iron  itself,  heating 
it  and  uselessly  dis- 
sipating a  large  amount  of  energ; 
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eddy  currents  would  circulate  in  a  solid  iron 

formed  from  Fig.  22.     C  represents  the  solid  iron  core,  the 

top  half  of  which  is  cut  away.     The  curved  lines  and  a 

heads  show  the  direction  in  which  the  eddy  currents  would     _i. 

flow  if  the  core  were  rotated  in  the  direction  indicated  by  the  ^^^^ 

To  overcome  this  difficulty,  the  core  is  madc^=;^;^^ 
of  a  large  number  of  round,  thin  iron  plates,  or  disks,  each^^Ki^^ 

disk  being  insulated  from  the  adjacent  ones  by  some   non ___  _ 

conducting  material,  such  as  tissue  paper,  insulating  irtp-^ti     ^ ^^ 

or  simply  by  the  oxide  formed  on  the  surface  of  the  diskdur- , 

ing  the  prwess  of  its  manufacture.  The  disks  should  bes^^,.,^^ 
fastened  together  in  such  a  manner  that,  when  rotated  in  — -^,__    ^ 

magnetic  field,  their  flat  surfaces  are  parallel  to  the  direc r:i»c- 

tion  of  the  lines  of  force  and  t  .  the  direction  of  rotation,  a^^  ^  .^rss 
shown  by  Fig.  23.  Dividing  the  core  into  disks  in  no  waj-  — ^.^y 
diminishes  the  magnetic  permeability  of  the  iron,  and  for  all  I  C  ^^ 
practical  purposes,  it  prevents  the  eddy  currents  from  flow.  _-*»** 
ing.     A  core  made  in  this  way  is  said  to  be  laminated. 

17.     Iron  cores  are  generally  made  in  two  styles:  drum  «*•' 

or  rln^, 

A  drum  core  may  be  defined  as  a  laminated  cylinder,  the  ^»f~* 

length  being  generally  greater  than  the  diameter,  such  as  ^^ 

shown  in  Fig.  'i'6. 

A  ring  core  may  be  defined  as  a  laminated  rim  of  rectan-  — rx 

gular  cross -section,  auch  as  A'  in  Fig.  Hi. 

An   iron   core   inserted   between  the   poles  of   a  magnet  ^^K, 

not  only  increases  the  total  numtjcr  of  lines  of  force  from  irrni 
the  magnet,  but  attracts  nearly  all  the  stray  lines  of  force  ^^^x 
from  the  surrounding  air;  that  is,  the  lines  of  force  prefer  -x^xr 
to  complete  their  circuit  through  iron  rather  than  through  m~S^}i 
air  or  other  non-magnetic  substances.  For  example. 
Fig.  24,  an  iron  ring  J?  is  placed  between  the  poles  A' and  S  of  "^^^zof 
a  magnet ;  the  lines  of  force  pass  out  from  the  north  pole  jVS^^l' 
and  enter  the  iron  ring.  When  passing  across  the  air  gap, 
they  are  uniformly  distributed,  but  after  entering  the  ring 
they  crowd  together  and  remain  in  the  iron  as  long 
sible.     If  the  total  number  of  the  lines  of  force  is  large  ir    ^j. 
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comparison  with  the  cross-sectional  area  of  the  iron  ring  on 
X  y,  a  few  will  pass  through  the  air  in  the  inside  of  the  ring, 


as  shown  in  the  cut;  but  in  most  cases  the  number  of  such 
stray  lines   is  not  large  enough  to  be  considered.     Conse- 


quently, in  Fig.  25,  if  a  loop  of  insulated  wire  a  b  c  d  \^ 
wound   around  the    iron   ring,  and  the    ring  and  loop  are 
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act  away  from  c.  Hence,  there  is  no  difference  of  potential 
between  the  ends  a  and  d,  and  no  current  wil!  flow  through 
an  external  circuit. 

After  replacing;  the  iron  ring  again,  suppose  the  insulated 
wire  to  be  wound  around  it  several  times,  as  represented  in 
Fig.  3(5,  and  the  ends  of  the  coil  connected  to  two  metallic 
segments  S'  and  S' .  By  applying  the  rule,  it  will  be  seen 
that  the  electromotive  forces  generated  in  the  separate  turns 
at  (I,  b,  and  c  are  added  together;  that  is,  the  difference  of 
potential  between  the  brushes  -\-}i  and  — /f  is  the  sum  of 
the  electromotive  forces  generated  in  the  separate  turns. 
The  current  obtained  from  such  a  coil  \&  pulsating.      For  all 


practical  purposes,  the  tola!  E.  M.  F.  generated  by  such  a 
coil  is  directly  proportional  to  the  number  of  turns.  For 
example,  if  a  coil  of  l  turn  generates  %  volts  at  a  certain 
position  and  angular  velocity,  then  a  coil  of  4  turns  will 
generate  8  volts  under  the  same  conditions,  and  so  on.  But 
the  turns  in  each  coil  must  be  approximately  close  together. 
For,  if  the  coil  is  wound  over  a  large  portion  of  the  ring, 
some  of  the  turns,  at  one  position  of  the  coil,  will  be  cutting 
the  lines  of  force  as  they  pass  out  from  the  north  pole,  while 
other  turns  will  be  rutting  the  lines  of  force  as  they  enter 
^^^^^uth  pole,  the  electromotive  forces  generated  in  the 
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two  cases  being  opposed  to  each  other.  This  action  will  be 
readily  understood  by  winding  the  entire  core  with  one  large 
coil  of  several  turns  and  connecting  the  two  ends  of  the  coil 
together,  as  represented  in  Fig.  27.  This  is  known  as  a  ring 
winding,  or  one  in  which  the  conductors  are  wound  in  the 
form  of  a  helix  on  a  ring  core.  At  the  instant  the  ring  and 
coils  reach  the  position  shown  in  the  figure,  the  E.  M.  F. 
generated  in  the  separate  turns  tends  to  act  in  the  direction 
indicated  by  the  arrowheads  upon  the  winding.  Xo  cur- 
rent can  flow  around  the  coil,  because  the  electromotive 
forces  generated  in  the  two  halves  act  toward  each  other 
at  n'  and  away  from  each  other  at  i". 

19.  It  is  possible,  however,  to  obtain  a  continuous  cur- 
rent from  the  coil  by  the  addition  of  a  commutator  with 
several  segments,  as  will  presently  be  seen.     If  the  ends  of 
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n'  ami  /'  during  the  instant  the 
1  Fl;i;.  -i'.  a  difference  of  jxiten- 
■;  will  be  indicated,  a'  being  the 
legativc.       Hence,    if   these   two 
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points  are  connected  to  an  external  circuit,  a  current  will 
flow  through  it  from  a'  to  i',  while  the  coil  is  at  the  position 
shown  in  the  figure.  As  stjon,  however,  as  the  coil  is 
rotated  atxjut  one-sixteenth  of  a  revolution,  the  difference  of 
potential  between  a'  and  i'  will  begin  to  fall,  and  the  greatest 
difference  will  now  be  found  between  />'  and  /('.  About  an- 
other sixteenth  of  a  revolution  will  bring  the  greatest  differ- 
ence of  potential  between  o'  and  ^',  and  so  on.  In  short,  as 
the  coil  is  rotated,  the  greatest  difference  of  potential  will 
always  be  found  between  any  two  turns  situated  diametri- 
cally opposite  each  other  when  they  pass  through  the  ver- 
tical diameter  xj/.  The  next  operation  is  to  provide  some 
means  to  utilize  this  difference  of  potential  between  each 
pair  of  turns  as  they  arrive  in  a  vertical  position.  This  is 
accomplished  by  connecting  each  turn  to  a  separate  segment 
of  a  commutator  by  a  small  conductor,  and  allowing  two 
brushes  to  rub  against  the  commutator  at  two  points  dia- 
metrically opposite  each  other  on  the  vertical  diameter  xf, 
Pig.  "38,  From  an  examination  of  the  figure,  it  will  be  seen 
that  the  two  halves  of  the  coil  are  connected  in  parallel  or 
multiple;  that  is,  the  current  divides  at  t\  one  half  passing 
through  the  turns  i,  j,  k,  I,  etc.  and  the  other  through 
h,  g,  /,  e,  etc.  to  a',  where  it  again  unites.  The  maximum 
E.  M,  F.  that  is  obtained  from  the  coil  is  equal,  therefore, 
to  the  E.  M.  F.  generated  in  one-half  of  the  coil.  This 
statement  will  be  better  understood  by  comparing  the  coil 
to  a  battery  of  voltaic  cells  connected  in  multiple-series. 
For  example,  in  Fig.  29,  the  separate  cells  from  a  to  /(, 
inclusive,  correspond  to  the  separate  turns  on  one  half  of 
the  coil,  and  the  cells 
from  /  to  /  correspond 
to  the  turns  on  the  other 
half.  The  total  E.  M.  F. 
of  the  above  battery  is 
equal  to  the  E.  M.  F.  f.f 
cither  of  the  two  sets 
which  are  connected  in 
parallel;  and  the  total  E. 
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M.  F.  of  either  of  the  two  sets  i 
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the  product  of  the  E.  M.  F.  of  1  cell  and  the  number  of 
cells  which  are  connected  in  series,  as  from  a  to  A,  inclusive. 
If  a  comparatively  large  number  of  turns  and  segments 
is  used,  the  current  flowing  from  +^,  Fig.  28,  through  the 
external  circuit  to  —B  will  be  practically  continuous,  that  is, 
non-pulsating;  the  fluctuations  caused  by  the  brushes  when 
passing  from  one  segment  to  another  are  extremely  minute, 
and  prrniuce  no  appreciable  change  in  the  strength  of  the 
current  in  the  external  circuit. 

aJO,  a  conductor  wound  up)on  a  core  in  the  manner 
shown  in  Figs.  27  and  28  is  termed  a  cloeed-ooll  landing, 
since  all  the  turns  are  connected  together  in  one  continuous^ 
or  closed,  coil,  and  the  current  is  obtained  from  it  by  tapping 
into  each  turn  or  set  of  turns.  In  the  case  where  the  turns 
or  sets  of  turns  are  separate  and  distinct  from  one  another 
and  their  ends  are  connected  to  opposite  segments  of  a 
commutator,  as  in  Figs.  19  and  26,  the  winding  is  termed 
an  open-coll  winding. 

21.     A  dosed -coil  7v  in  ding-  can  be  applied  to  a  cylindrical 

drum  core,  as  previously  described,  and  a  continuous  non- 
pulsating  current  obtained  from  the  brushes,  as  in  the  case 
of  the  rin^  core.  The  method  of  winding  is  somewhat 
similar  to  that  of  the  rinjy,  and  each  turn  or  set  of  turns  is 
tapped  into  and  connected  to  the  segment  of  a  commutator 
by  a  separate  lead,  as  will  be  seen  from  the  diagram.  Fig.  30. 
This  is  known  as  a  drum  winding,  or  one  in  which  the  con- 
ductors are  wound  lonj^itudinally  upon  the  surface  of  a 
drum  (ore.  A  drum  winding  may  also  be  applied  to  a  ring 
(ore,  as  will  be  seen.  The  conductor  is  started  at  any  conve- 
nient pla(  e  on  the  core,  as,  for  example,  at  a,  and  wound 
across  the  face  of  the  drum  to  the  rear  end;  then,  wound 
nearly  diametrically  across  the  end,  and  from  there  along 
the  face  of  the  core  to  the  front  end  at  a'.  From  a\  the 
conductor  is  wound  across  the  front  end  to  a  point  some- 
what in  advance  or  l)ehin(l  the  original  starting  point  ^,  as, 
for  example,  to  />>;  from  /^  it  makes  another  complete  turn 
in  like  manner,  which  is  followed  by  a  third,  and  so  on,  until 
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the  last  turn  is  connected  to  the  first  by  joining  the  two 
ends  of  tho  coil  together  at  a.  A  separate  lead  C  is  tapped 
into  the  conductor  at  every  complete  turn  where  it  is  wound 
across  the  front  end  of  the  core  and  connected  to  the  sepa- 
rate segments  of  a  commutator.  From  an  examination  of 
the  diagram,  it  will  be  seen  that  only  a  part  of  the  wires  on 
the  face  of  the  drum  are  cutting  the  lines  of  force  as  they 
enter  and  pass  out  of  the  core  at  any  one  instant  during  a 
revolution.  At  the  position  represented,  the  wires/,  a,/' 
and  i',  e,  a'  are  the  inactive  ones,  so  far  as  the  lines  of  force 


are  concerned;  but  they  still  perform  the  important  func- 
tion of  completing  the  circuit  for  the  current.  The  parts  of 
the  core  where  the  wires  are  not  cutting  the  lines  of  force 
as  the  core  is  rotated  are  called  the  neuti-at  spaces;  and 
the  two  opposite  parts  of  the  commutator  to  which  the  coils 
are  connected  arc  called  the  neutral  points  of  the  com- 
mutator. Each  individual  wire  becomes  inactive  twice  dur- 
ing every  revolution  and  passes  through  two  neutral  spaces; 
but  this  fact  does  not  change  the  positions  of  the  neutral 
spaces — they  lie  on  an  imaginary  diameter  approximately 
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perpendicular  to  the  lines  of  force.  This  same  effect  takes 
place  in  the  commutator,  i.  e.,  each  segment  passes  through 
two  neutral  points  during  one  complete  revolution,  but  the 
neutral  points  remain  in  a  fixed  position  relative  to  the 
neutral  spaces  of  the  core.  The  neutral  segments  of  the 
commutator,  at  any  instant  during  a  revolution,  are  those 
segments  which  are  connected  to  the  wires  passing  through 
the  two  neutral  spaces  at  that  instant.  The  neutral  points, 
however,  can  be  shifted  to  different  fK)ints  around  the  com- 
mutator by  changing  the  leads  from  the  coil  to  the  seg- 
ments. For  example,  in  Fig.  30,  the  two  neutral  p)oints  lie 
opposite  each  other  on  the  commutator  along  the  vertical 
diameter  x  y.  But  if  the  lead  from  /  is  connected  to  seg- 
ment No.  r,  instead  of  No.  7,  and  the  lead  from  7/  to 
segment  No.  <^,  and  so  on  around  the  commutator,  then  the 
two  neutral  p<^>ints  will  lie  opfK)site  each  other  on  the  com- 
mutator along  a  horizontal  diameter,  and  in  order  to  collect 
any  current  from  the  commutator,  the  brushes  -^B  and 
—  B  must  be  shifted  around  a  quarter  of  a  revolution  to  these 
new  neutral  points. 

The  current  flowino:  through  the  winding  divides  at  one 
neutral  s])ace  and  rl<»ws  through  the  coil  in  opf)osite  direc- 
tions, unitinij:  aj^ain  at  the  other  neutral  space,  as  indicated 
l>y  the  arrowheads.  According  to  the  thumb-and-finger 
rule,  tlie  current  in  all  the  active  wires  in  front  of  the  north 
p<»le  tL'ws  al<'n<^  the  periphery  of  the  core  towards  the 
ni)server:  that  in  the  wires  in  front  of  the  south  pole  flows 
away  fr«>m  the  < observer. 

2*i.  The  next  step  is  to  determine  the  magnitude  of  the 
E.  M.  F.  in  v«»lts  generated  in  a  closed  coil.  As  previously 
stated,  the  K.  M.  F.  i^enerated  in  a  conductor  cutting  lines  of 
force  at  ri^ht  ani^lcs  is  proportional  to  the  rate  of  cutting. 
Ctmsider  the  case  of  a  single  conductor  moving  across  a 
niaj^^netic  held  in  which  the  total  number  of  lines  of  force  is 
known:  the  rate  of  cuttiui^  is  equal  to  the  total  number  of 
lines  of  force  cut  l»v  the  c« inductor  divided  bv  the  time 
required  to  cut  them.      This  may  be  expressed  in  the  form  of 
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N 
an  equation:  thus,  rate  of  cutting  =^  -— ,  where  N  is  the  total 

number  of  lines  cut  and  /  is  the  time  required  to  cut  them. 

By   definition,    one  volt   is   that    E.  M.  F.   generated   in   a 

conductor  when  it  is  cutting  lines  of  force  at  the  rate  of  one 

N 
hundred  million  (100,000,000)  per  second.     Hence,  E  =  -tt^., 

where  E  is  the  E.  M.  F.  in  volts  and  /  the  time  in  seconds, 

since  100,000,000  =  10". 

For  example,  suppose  a  magnetic  field  contains  4,500,000 

lines  of  force,  and  a  conductor  cuts  the  total  number  in  the 

same  direction  in  1.5  seconds.     The  E.  M.  F.  that  is  being 

N 
generated  in  the  conductor  is  equal  to  .03  volt,  since  E  =  — — 

4,500,000 


=  .03  volt. 


100,000,000  X  1.5 

When  two  or  more  conductors  are  cutting  lines  of  force 

at  equal  rates,  the  E.  M.  F.  obtained  by  connecting  them  in 

series  is  equal  to  the  E.  M.  F.  developed  by  one  conductor 

multiplied  by  the  number  of  conductors.      Consequently,  if 

N  S 
S  is  the  number  of  conductors   in   series,   then   E  =  jt^., 

where  E  is  the  total  E.  M.  F.  in  volts  that  can  be  obtained 
from  5  conductors  cutting  N  lines  in  /  seconds.  For  ex- 
ample, if  8  conductors  are  moved  across  the  magnetic  field 
containing  4,500,000  lines  of  force  in  1.5  seconds,  and  they 

,    ,  .  .        ,,         J.      N  S  4,500,000  X  8 

are  connected  m  series,  then  h  =  — z—  =  — 

'  10"  /      100,000,000  X  1.5 

=  .24  volt. 

Next,  imagine   these  8  conductors   to   be   moved   across 

the   magnetic   field   in   the   same   direction  at   the  rate  of 

30  times  per  second  for  1.5  seconds;  then,  the  number  of 

lines  cut  in  one  second  is  4,500,000  X  30  =  135,000,000,  and 

the  total  number  of  lines  cut  in  1.5  seconds  is,  therefore, 

135,000,000  X  1.5  =  202,500,000.     Hence, 

r:_{Nnt)S_    202,500.000  X  8   _ 

^  -     10-/    -  ioo;ooo:ooo"^  U  -  ^^'^  ''^^^'• 


r 
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Here  n=  the  number  of  times  per  second  that  one  mn    ^^   ^^ 
ductor  cuts  the  lines  of  force.  "^ 

But,  in  general,  the  E.  M.  F.  that  is  obtained  from  sever^^^ 
conductors  connected   in  series  moving  continually  acro^a- . 
the  same  magnetic  field  at  a  constant  number  of  times  p^^      ^ 
second  is  independent  of  the  length  of  time  the  operatic-^.^^    H 

IS  contmued.    For,  m  the  above  equation,  /i  =  ^ —  ' 

two  /'s  cancel  each  other,  leaving  the  equation  £ 

In  the  above  example,  for  instance,  so  long  as  thi 
ductors  are  moved  across  the  magnetic  field  at  the 
of  30  times  per  second,  the  E.  M.  F.  generated  in  them 
always  10.8  volts,  no  matter  whether  the  operation  is  coi 
tinued  for  1.5  seconds  or  fL>r  1  hour.  The  time  of  1.5  se  —=r. 
onds  was  used  merely  to  make  the  demonstration  clearer  tzn^by 
using  a  specific  value  for  t. 


23.     The   equation  /•  ■ 


10" 


can  now  be  applied  wit 


=i 


some  modifications  to  the  closed-coil  conductor  wound  upd»o 
either  the  ring  or  drum  core.  The  ring  core.  Fig.  28,  w%J/ 
first  be  considered.  In  the  equation,  £  is  the  masimu./7j 
E.  M.  F.  in  volts  that  is  obtained  from  the  brushes +/' 
and  —/J  when  the  core  is  revolved;  ;V  is  the  total  number 
of  lines  of  force  passmg  from  the  north  pole  through  the 
core  to  the  south  pole.  Each  wire,  therefore,  on  the  per- 
iphery of  the  core  cuts  the  total  number  of  lines  twice  during 
every  revolution;  or,  in  other  words,  each  outside  wire  cuts 
3  W  lines  of  force  per  revolution,  ."i  is  the  number  of  out- 
side wires  on  the  periphery  tbrough  which  the  current  flows 
in  serifs,  and  n  is  the  number  of  complete  revolutions  per 
second  of  the  core.  Therefore,  the  maximum  E.  M.  F.  in 
volts  that  is  obtained  from  the  brushes  is  found  by  the 
I  formula 

£=^4^.     (1.) 

is  to  say,  f/u-  E.  M.  F.  oblained  from  a  number  of 
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inductors  commectcJ  im  s^ru's  ejid  mr7*rj:  a-^/:xs  j:  TOfoc**i* 
^^ir/d  is  equal  to  turUe  tir  wmwthr^  //  .'jz^s  /  •"  -'.--^-v  fKji,>:A'i^4r 
^^  /Ae  numher  of  couJiu'T^rs  :z  sr^its  £z£  h  :L'  "^'Tv^.'^jiflKS 
second  of  the  core,  dxridea  H  1  •>•, '»\ •»*'.  ?  :c  exjirr-ivje^ 
.^^ume  the  total  number  of  iines  .V  ptssin*:  frrc:  tbe  D:'r:h 
through  the  core  to  be  5,  •»'*,•>♦>,  vT  .V=  a.'»\«»\ 
the  diagraxo.  Fig.  :25>,  ibere  at*  >  o-isaie  winrs  in 
:ries,  or  S=  8.     If  the  core  is  rcciiei  ii  t,l'V»  rev.xuix^s 


^  1(*0 
r  minute,  n  =  *\^     =  35  revj-Iztic'iis  z^r  5«»:r.d.     Substi- 

60 

^  ^'  <  JT 

t.v&'^ing    the    values    in    the    tornsula    g::ve5    Ji  =  —     — 

^  X  3,000,000  X  S  X  35       ,  _        ,  ,       ,.  _  . 

=    i00,000;000 =  '-^  "'-•-^'  "'  '^^^  ^^erenoe  of 

I>c>'tential  between  the  brushes  — i>  and  —B  on  open  circuit, 

T^lie  difference  of  potential  between  the  1:  rushes  when  the 

^^:temal  circuit  is  closed  is  s*>mewhai  smaller  than  when 

^^o  current  is  flowing ;  because,  as  in  the  case  oi  the  voltaic 

^^11,  a  part  of  the  total  E.  M.  F.  cevel'.-ped  is  required  to 

Overcome  the  internal  resistance  of  the  o>:I  itself. 

2  \  S  ft 

The  formula  E  =^  — V-: — holds  equal! v  true  for  the  drum 

core,  Fig.  30.  In  both  cases,  the  number  of  outside  wires 
through  which  the  current  flows  in  serits  is  equal  to  one- 
half  the  total  number  of  outside  wires.  Hence,  by  using 
the  same  magnetic  field  and  rotating  the  cores  at  equal 
speeds,  the  £.  M,  F.  generated  in  both  cases  will  be  equal. 

24.    The  foregoing  articles  demonstrate  the  elementary 
principles  and  physical  theory  of  a  dynamo,     A  dynamo, 
therefore,  is  a  machine  for  converting  mechanical  energy 
into  electrical  energy  by  electromagnetic  induction.     It  has 
three  essential  features,   viz.:    (1)  a  magnetic   field;    (2)    a 
conductor,  or  several  conductors,  called  an  armature,  in 
-which  the  electromotive  force  is  generated  by  som^^ 
ment  relative  to  the  lines  of  force  in  the  magnetic  < 
(3)  a  commutator^  or  a  collector,  from  which  the  \ 
collected  by  two  or  more  conducting  \ 


ZY^AJiC'IS  A33   XOT'IdL^.  jf 


.ziKr?:    /  =  "Hie   ZTimnrir    :c  tmitrs  per  ierrinti  iriic    :cc  an- 

:'.ni:-^:t.  rr    :  cne-riid   .n  -series  Ji':^nir    "•  r- '-^""7  scr^ass 

die  ^me  Tiii;^:ie!Zf:  ieiti  XL  X  nnanrr  T-T-rr'->»^   :c  nracs  per 
iecMni  L:-  miiec^niicrLT    :f  tiie  "errtr±.    :n  — 'h-  -iie   .ceciijoo 
.     ^  -        :'r':<   ^ 

^  -        * 

-      .V5f 

Z'v     ."  ■•   :an«:*;L  -aim    :t-i.er.  -eavrri^  zzm  ■*^— :t^«t-  -  = — —. 

-  -  Tir 

Iz.  "Lie  ii'.T't  ^T.ir^rie,  f.r  iziscaiijce.  5*:  j:c:z  i>  lit  >  «>-S- 
luctirj  Jtr-i  ziJ-V'fi  icr;s55  lie  niiJLcz^zztz  fejd  ii  ibe  rare 
:c  -5*.  tine:*  per  s«rr::tic.  ibe  E.  >L  F.  z^:ierir*d  ir.  ilsem  is 
ilTTij^  1  . -i  ",ii:i.  -♦:  mLrr;^r  irbeciier  ihe  ■.ptrniic-c  is  coo- 
tini-rl  f.r  :  >  -^r:  .cii  ^.r  :;r  I  hfiJir.  Tiie  tin-i  oc  1.5  sec- 
:ofs  vii  'I:;*!':  zier-rLj  r;  ttaIcp-  the  iedocatnii-oc  caeaierby 


in  cow  be  a^^^ied  with 
T*:  rr.-r  rr.  .•! :£  :at;  :n^  t .   th-t  il-rse^f-rt::!  c:- cd^'rt or 'wound  up>i* 

::r^-  ":-  .  --.izr-::  I-  :hr  t  ri^::-  n,  ^  is  :he  nxixinum 
^  _  -  -" .  ". r".  ' '  . ~  ■^  ~ ."  _i~  1  "*  ".  *^in tT'^  r r*  m  »n^  r*  r~iisn^wS  •^•*' 
i'i  — /  -  ::r'  :!"-:  .  rr  >  rrv  Ivei:  .V  if  the  t:til  number 
,f   lir.-:-     f   !   r  ■:  1  i--:r.  '  :r  m  th-r   n:rth   ::■•:• '.e   thr-ruirh  tbc 

-—    •-     *  -  —    i.   — -     '1    —        "^ -.    -   *:*■-''•-     --,i--.  ••".-«>.    .-.»^    •v.p   f)^r- 

..^..-.    -      ... .--^ ^     -      -wl.    --^C     •    -    x--*0    WW  .V^XT    i..  »-4  UIK 

•  <  *- 

':'.': 7/  7:'.  1  Mti  7.:  .7.  :'.  .'.'r.z7  ^  rd>,  ea:h  outside  wire  cul> 
•^  /.' '.!r.v-  .:  f.r.-:  trr  r^v  '.u::  r..  5  is  the  number  of  out- 
r.:^:*:  -.vir:-  r.  th-r  tTri:  h-rry  thr  u^h  which  the  current  flows 
ir.  .rrr/ij.  ar.  :  ^'  is  th-:  r.urr/: -r  ■  r  c-.mplete  revolutions  per 
.-':r^r.^]  'A  thr:  •:  >r.  There:': re.  the  maximum  E.  M.  F.  in 
volts  that  is  obtained  from  the  brushes  is  found  bv  the 
formula 

That   i?»  to  say,  ///<  /:.  ^]/.  /•'.  obtained  from  a  nuviber  of 
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conducloTS  connecttd  in  serifs  ami  moved  across  a  magnetic 
field  is  equal  to  twiee  the  number  of  lines  of  force  multiplied 
by  the  number  of  conductors  iu  series  and  by  the  revolutions 
per  seeond  of  the  core,  divided  by  100.000,000.  Fur  example, 
assume  the  total  number  of  lines  N  passing  from  the  north 
pole  through  the  core  to  be  3,000,000,  or  jV=  3.000,000. 
In  the  diagram.  Fig.  28,  there  are  8  outside  wires  in 
series,  or  J>  =  8.     If  the  core  is  rotated  at  3, 100  revolutions 

per  minute,  n  =    '        =  35  revolutions  per  second.     Substi- 


tuting   the    values    in    the    formula    gives 
%  X  3,000,000  X  8  X  35 


10' 


100,000,000  -^"'^  ^°''''  '"  ^^"  difference  of 

potential  between  the  brushes  -\-B  and  —B  on  open  circuit. 
The  difference  of  potential  between  the  brushes  when  the 
external  circuit  is  closed  is  somewhat  smaller  than  when 
no  current  is  Rowing;  because,  as  in  the  case  of  the  voltaic 
cell,  a  part  of  the  total  E.  M.  F,  developed  is  required  to 
overcome  the  internal  resistance  of  the  coil  itself. 

equally  true  for  the  drum 

core.  Fig.  30.  In  both  cases,  the  number  of  outside  wires 
through  which  the  ciirrent  flows  in  scries  is  equal  to  one- 
half  the  total  number  of  outside  wires.  Hence,  by  using 
tbe  same  magnetic  field  and  rotating  the  cores  at  equal 
speeds,  the  E.  M.  F.  generated  in  both  cases  will  be  equal. 


34.  The  foregoing  articles  demonstrate  the  elementary 
principles  and  physical  theory  of  a  dynamo.  A  dj-namo, 
therefore,  is  a  machine  for  convertii^  mechanical  energy 
into  electrical  energy  by  electromagnetic  induction.  It  has 
three  essential  features,  viz.:  (1)  a  magnetic  field;  ('i,)  a 
conductor,  or  several  conductors,  called  an  arnia.ture,  in 
which  the  electromotive  force  is  generated  by  some  move- 
ment relative  to  the  lines  of  force  in  the  magnetic  field;  and 
^3)  a  commutator,  or  a  collector,  from  which  the  current  is 
J  by  two  or  more  cmducting  brushes. 
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In  all  dynamos,  the  magnetic  field  is  produced  either  by 
a  permanent  magnet  or  by  an  electromagnet,  and  they  are 
classified  accordingly;  for  present  purp)oses,  however,  it  is 
sufficient  to  consider  only  the  uniform  magnetic  field  lying 
between  the  poles  of  some  large  magnet.  In  the  preceding 
article,  the  armature  core  and  commutator  were  assumed  to 
be  fastened  rigidly  to  a  shaft  and  the  shaft  supported  by 
suitable  bearings  in  such  a  position  that  the  core  would 
rotate  in  the  magnetic  field  with  its  axis  of  rotation  at  right 
angles  to  the  lines  of  force.  The  shaft  with  core  and  com- 
mutator was  assumed  to  be  rotated  by  some  exterior 
mechanical  f)ower.  The  armature  conductors  were  wound 
directly  upon  the  core  and  rotated  with  it.  If  it  were  not 
for  mechanical  considerations,  however,  only  the  armature 
conductors  would  need  to  be  rotated ;  the  core  could  remain 
stationary. 


AR^LVTURE  REACTIONS. 

25.  When  the  current  is  flowing  through  the  armature 
conductors,  it  produces  several  effects  upon  the  mag:netic 
field;  and  the  field,  in  return,  reacts  upon  the  current. 
These  effects  will  be  considered  before  describing  the  typi- 
cal forms  of  dynamos. 

Consider  the  case  of  a  single  conductor  in  which  a  current 
is  flowinj^  from  a  voltaic  batterv  or  a  continuous-current 
dynamo,  and  a  mai:^net.  It  has  been  shown  that  a  magnet 
and  a  conductor  conveying  an  electric  current  exert  a 
mutual  force  upon  each  other;  or,  in  other  words,  each 
tends  to  produce  motion  in  the  other.  In  the  case  of  a  com- 
pass i)laced  over  or  under  a  conductor  conveying  a  current, 
if  the  magnetic  needle  be  held  rigidly  and  the  conductor  be 
allowed  to  swing  freely  in  a  horizontal  plane,  it  would  tend 
to  place  itself  at  rij^ht  angles  to  the  length  of  the  needle. 
In  general,  i^'Jicn  a  coudnctor  convtying  an  electric  current 
is  placed  in  a  magnet ie  field,  the  conductor  will  tend  to  move 
in  a  definite  direction  and  with  a  certain  force,  depending 


§9 


DYNAMOS  AND  MOTORS. 


35 


>n- 

he  I 

of  i 

be  V_ 


"5wi^ 


upon  the  strettgtk  and  liirection  of  the  current,  and  upon  the 

direction  and  density  of  the  lines  of  force  in  that  field. 

Imagine  that  a  conductor  conveying  an   electric  current 

is  placed  across  a  uniform  magnetic  field,  and  that  it  lies  in 

a  position  at  right  angles  to      ^ ^ 

the     lines    of    force.       For 

example,    the   diagram    in 

Fig.  31  represents  a  cross- 
sectional  view  of  a  uniform 

magnetic     field,    the     dots 

representing    the    ends    of 

the   lines  of   force  and  the 

heavy  line  a  conductor  con 

veying     a    current.        The 

direction    of     the    lines 

force     is    assumed     to 

downwards,    that    is,    pier-  '"'"'■  ^'■ 

cing  the  paper;  or,  in  other  words,  the  observer  is  looking 
along  the  lines  of  force  toward  the  face  of  a  south  mag- 
netic pole.  The  lines  of  force  along  the  conductor  from 
the  top  to  the  bottom  of  the  magnetic  field  act  upon  the 
current  in  the  conductor  with  equal  intensities,  and  al! 
tend  to  move  the  conductor  in  the  same  direction.  This 
action,  if  the  magnetic  field  is  uniform,  is  similar  to  that 
of  a  uniformly  distributed  load  upon  a  beam  tending  t" 
move  or  bend  it. 

The  motion  imparted  to  the  conductor  is  perpendicular  to 
the  lines  of  force,  and  also  perpendicular  to  the  flow  of  cur- 
rent in  the  conductor.  To  fulfil  these  conditions,  thiTcfi)rc. 
the  conductor  in  Fig.  31  must  tend  to  move  bodily  either  to 
the  right  or  left  across  the  field;  in  which  of  these  two 
directions  it  moves  depends  upon  the  relative  direction  of 
the  lines  of  force  with  the  direction  of  the  current  in  the 
conductor.  In  this  case,  if  the  direction  of  the  lines  is 
downwards,  piercing  the  paper,  and  the  current  (l<\vrs  from 
the  top  to  to  the  bottom  of  the  diagram,  as  indicated  by  the 
small  arrowheads,  the  conductor  will  tend  Vi  move  from  the 
left  to  the  right  in  the  direction   in  which  the  two  large 
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arrows  are  pointing^.  If  the  direction  of  the  lines  of  force 
only  is  changed,  the  conductor  will  tend  to  move  in  the 
oppr>site  direction,  i.  e.,  from  the  right  to  the  left;  or,  if  the 
direction  of  the  current  in  the  conductor  onlv  is  reversed 
the  conductor  will  tend  to  move  also  from  right  to  left  across 
the  field.  But  should  both  the  direction  of  the  lines  of  force 
and  the  direction  of  the  current  in  the  conductor  be 
changed,  the  conductor  would  still  tend  to  move  from  left 
to  right. 

26.  There  is  a  convenient  thumb-and-finger  rule  for 
remembering  the  direction  of  motion  imparted  to  a  con- 
ductor conveying  an  electric  current  when  placed  in  a 
magnetic  field;  it  is  similar  to  the  rule  for  generated  cur- 
rents, with  the  exception  that  the  left  hand  is  used  instead 
of  the  right. 

Rule. — Place  thumbs  f^i^^fi^g^t  ^"^  middle  finger  of  the 
left  hand  each  at  right  angles  to  the  other  two;  if  the  fore- 
finger points  in  the  direction  of  the  lines  of  force  and  tht 
middle  finger  points  in  the  direction  toward  which  the  cur- 

rent  flows,  tJun  flic  thumb  will  point   in   the  direction  of 

moirmcnt  imparted  to  the 
conductor. 

For  example,  in  Fig.  3'2, 
if  a  vertical  conductor  in 
which  a  current  is  flow- 
ing downwards  is  placed 
in  front  of  the  north 
pole  X  of  a  magnet,  it 
will  tend  to  move  in  the 
direction  as  indicated  bv 
Pio.  .««.  the  thumb. 

27,  Ccunparing  the  rule  in  Art.  8  with  that  given  above, 
it  will  be  seen  that  the  two  appear  to  oppose  each  other;  or, 
in  other  words,  the  current  which  flows  in  the  former  case, 
according  to  the  latter  rule  tends  to  oppose  the  motion  of 
the  conductor  and  move  it  in  the  opposite  direction.     This 
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is  exactly  what  takes  place.  When  a  conduclor  is  moved 
across  lines  of  force,  an  electromotive  force  is  generated 
which  tends  to  send  a  curreift  in  a  definite  direction;  if  the 
circuit  is  open  and  no  current  flows,  it  requires  no  force  to 
move  the  conductor  across  the  field;  but  if  the  circuit  is 
closed  and  a  current  Hows  through  the  conductor,  then  the 
action  of  the  lines  of  force  on  the  current  opposes  the  origi- 
nal motion  and  tends  lo  stop  or  retard  the  conductor.  The 
opposing  force  is  proportional  to  the  strength  of  current 
flowing  in  the  conductor;  that  is,  if  a  current  of  10  amperes 
acts  with  a  certain  force,  a  current  of  20  amperes  will  act 
with  twice  that  force,  and  so  forth.  Hence,  the  stronger 
the  current  in  the  conductor,  the  greater  will  be  the  force 
necessary  to  keep  the  conductor  moving  in  the  original 
direction.  The  above  explanation  will  be  made  clearer  by 
ihe  ^aphical  illustration  in  Fig.  ;):(.  The  diagram  repre- 
sents a  cross-sectional  view  of  a  magnetic  field,  the  direction 
of  the  lines  of  force  being  downwards,  piercing  the  paper. 
If  the  conductor  ct'  be  moved  across   the   field   by  : 


the   direction   indicated  by  the 
■ill  flow  through  the  circuit  iu  the 


exterior  motive  power 
arrows  a,  a,  a  current  ' 
direction  indicaied  by 
the  small  arrowheads. 
The  length  of  the 
arrows  a,  a  may  also 
serve  to  represent  the 
magnitude  of  the  force 
that  moves  the  con- 
ductor. As  the  current 
flows  through  the  con' 
ductor.  the  lines  of  force 
immediately  react  upon 
it,  producing  a  counttr 
force  which  tends  to 
stop  the  conductor  and 

move  it  in  the  direction  indicated  by  the  arrows  b,  b.  The 
counter  force  would  never  actually  move  the  wire  in  the 
direction  of  the  arrows  b,  b,  but  it  exerts  a  dragging  effect 
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upon  the  conductor,  which  would  reduce  its  speed  and 
almost  stop  its  motion  if  the  exterior  motive  force  were 
not  increased.  So  long  as  tHe  conductor  is  moved,  the 
applied  motive  force  is  always  larger  than  the  counter 
force,  as  graphically  represented  by  the  relative  lengths  of 
the  arrows. 


28.  The  above  principle  explains  the  action  of  convert- 
ing the  mechanical  energy  into  electrical  energy  in  the 
dynamo.  For  example,  suppose  that  an  armature  is  rotated 
at  a  constant  speed  in  a  magnetic  field  by  some  exterior 
motive  force,  as,  for  instance,  by  a  belt  from  an  engine.  If 
the  armature  is  properly  wound  and  connected  to  a  com- 
mutator, an  electromotive  force  is  generated  in  the  outside 
conductors  on  the  core,  causing  a  difference  of  potential 
between  the  brushes.  If  the  brushes  are  not  connected  to 
an  external  circuit  and  no  current  is  flowing  through  the 
armature,  it  requires  no  energy  to  rotate  the  armature, 
excepting  a  small  amount  to  overcome  the  friction  of  the 
shaft  in  the  bearings  and  the  loss  in  the  armature  iron  by 
eddy  currents.  By  connecting  the  brushes  to  an  external 
circuit,  however,  and  allowing  a  current  to  flow  through 
the  armature,  the  conditions  are  altered.  The  lines  of 
force  react  upon  the  current  in  the  conductors,  tending  to 
rotate  the  core  in  an  opposite  direction  and  to  retard  its 
motion;  the  stronger  the  current,  the  greater  will  be  the 
retarding  effect.  Hence,  in  order  to  keep  the  speed  constant 
and  to  generate  a  constant  E.  M,  F.,  more  energy  must  bfc 
supplied  to  the  pulley  from  the  engine.  This  retarding  effect 
of  the  current  is  known  as  the  counter  torque  of  a  dynamo. 
The  word  torque,  which  will  appear  later  in  connection  with 
the  action  of  motors,  means  simply  turning  force. 

It  can  be  mathematically  proved  that  the  mechanical 
energy  delivered  to  the  armature  from  any  exterior  source 
is  exactly  equal  to  the  electrical  energy  obtained  from  the 
armature  plus  the  energy  lost  in  mechanical  friction,  eddy 
currents  in  the  iron,  and  other  small  losses,  which  will  be 
described  subsequently. 


§9 


DYNAMOS  AND  MOTORS. 


29,  Besides  producing  a  counter  torque  in  the  armature, 
the  current  tends  to  distort  or  crowd  the  lines  of  force 
from  their  original  po-  -j 

sttion  in  the  magnetic  ^--^y/^—~~ 

field.     This    effect    is  '        "'^ 

termed  armature 
reaction,  and  will  be 
understood  by  inves- 
tigating the  magnetic 
effects  of  the  current 
in  the  armature  when 
the  armature  is  re- 
moved from  between 
the  poles  of  the  field 
magnets.  In  the  dia- 
gram, Fig.  34,  the  cur-  ^  n  ~ 
rent  is  flowingthrough  ''"'■  **■ 
the  armature  coil  in  the  same  direction  as  represented  in 
Fig.  38.  The  current  circulating  around  the  armature  coil 
in  two  directions  acts  as  a  magnetizing  force  upon  the  core 
and  produces  two  electromagnets.  According  to  the  rule 
for  magnetic  polarity,  the  two  magnets  thus  formed  opjHisc 
each  other  at  the  two  neutral  spaces  of  the  armature;  lliat 
is,  their  like  poles  jV,  ,V'  and  S,  S'  tend  to  act  in  opposite 
directions  at  the  neutral  spaces.  As  previously  <-."(i)lainod, 
lines  of  force  can  never  intersect  each  other,  and  will 
always  produce  consequent  [xjles  when  ai'ting  in  opposite 
directions  at  one  place.  Therefore,  in  this  cast-,  twn  nm- 
sequent  poles  are  formed  in  the  core,  one  at  each  neutral 
Space,  as  shown  in  the  diagram.  The  polarity  of  the  con- 
sequent poles,  of  course,  depends  upon  the  direction  in  which 
the  coil  is  wound  upon  the  core  and  the  direction  in  which 
the  current  is  generated.  The  same  action  occurs  when  llie 
armature  is  rotated  between  the  poles  of  a  magnet  anil  a 
current  flows  through  the  coil,  although  the  conditions  arc 
somewhat  altered.  The  lines  of  force  from  the  magnet  tend 
to  pass  through  the  core  nearly  at  right  angles  to  those 
produced  by  the  current.     The  lines  can  never  intersect, 
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however,  anil  they  crowd  and  distort  one  another  in  order 
coincide  in  direction.  The  lines  that  pass  out  from  t^  3 
north  pole  of  the  magnet  tend  to  enter  the  core  at  the  sol»  - 
consequent  pole  and  to  pass  out  from  the  core  at  the  no*—- 
consequent  pole.  At  the  same  time,  the  south  consequ«&  - 
polj  is  shifted  toward  the  north  pole  of  the  magnet,  ^r— 
the  north  consequent  pole  toward  the  south  pole  of  tM 
magnet.  The  diagram  in  Fig.  35  represents  the  manner  - 
which  the  magnetic  field  is  distorted  by  the  reaction  of  tf-M 
armature   current.     In   the   case  where  the   armature  w^s 


removed  from  the  magnetii'  field,  the  consequent  poles  eoi^l 
cided  with  the  neutral  space;  but  when  the  armature  is 
replaced,  as  in  the  diagram,  the  consequent  poles  are  shifted 
backwards  against  the  direction  of  rotation,  and  the  neutral 
spaces  are  moved  forwards  in  the  opposite  direction,  as  indi- 
cated  by  the  imaginary  diameter  .i-j.  As  the  positions  of 
the  neutral  points  on  the  commutator  depend  upon  the  posi- 
tions of  the  neutral  spaces  on  the  core,  they  are  also  shifted 
forwards  in  the  direction  of  rotation  when  the  current  flows 
Ihrnugh  the  armature;  hence,  the  brushes  must  be  1 
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forwards  in  order  to  obtain  the  full  E,  M.  F.  generated  in  the 
coil.  The  stronger  the  current,  the  farther  forwards  the 
brtiBhes  should  be  shifted. 


30.  From  the  fact  that  in  all  dynamos  of  this  character 
the  relation  of  the  lines  of  force,  direction  of  rotation,  and 
direction  of  current  are  constant,  ihe  neutral  spaces  are 
always  shifted  forwards  in  the  direction  of  rotation  when  the 
current  becomes  stronger,  no  matter  how  the  coil  is  wound 
upon  the  armature  or  in  which  direction  the  lines  of  force 
pass  through  the. core. 

These  armature  reactions  are  not  confined  entirely  to  the 
ring  core,  but  are  produced  with  the  same  effects  in  a  drum- 
core  armature,  such  as  represented  in  Fig.  30.  If  the  direc- 
tion of  the  current  is  traced  by  the  arrowheads  upon  the 
conductors,  it  will  be  seen  that  the  current  is  flowing  upwards 
along  the  face  of  the  core  in  front  of  the  north  pole,  as  repre- 
sented by  the  open  circles,  Fig,  36,  and  downwards  in  front 
of  the  south  pole,  as  represented  by  the  solid  circles.  The 
lines  of  force  surrounding  each  conductor  in  which  the 
current  is  flowing 
coincide  with  those 
around  the  adja- 
cent conductors, 
forming  a  large 
number  of  long 
lines  which  pass 
through  the  core 
and  produce 
sequent  poles  at 
the  neutral  spaces, 
as  shown  in  Fig. 
36.  The  direction 
of     the 

force  around  the 
cond  uctors  in 
which  the  current 

wing  downwards  corresponds 
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buids  ai  1  watch,  while  the  dinctioa  of  the  lines  aroimd  tbe 
other  coodoctoTs  is  opposite.  The  lines  from  all  condncton, 
however,  coincide  in  directioa  in  pacing  throi^h  the  center 
of  the  core.  Wlien  the  armature  is  rotated  between  the 
pc4es  of  a  magnet,  the  field  is  distcMted  and  the  oentnl 
spaces  shifted  forwards  in  a  m^TFTf^  »q"»ibr  to  that  described 
for  the  riii^  core. 

31.  Armatnre  reactiocis  not  only  distort  the  magnetic 
field,  but  also  have  a  tendency  to  redoce  the  total  oninber 
•oi  tines  of  fOTce  from  the  magnet,  and  thereby  dimioish  the 
E.  M.  F.  generated  in  the  armature.  This  effect,  however, 
can  be  almost  entirely  eliminated  by  increasing  the  strengtb 
of  the  field,  or,  in  other  words,  by  increasii^  the  number  ol 
lines  of  force  passing  through  the  core.  This  fact  leads  to 
the  consideration  *A  field  m 


TVEXJ»  MAGxrrs. 

3^,     It  has  Wen  previously  stated  that  the  magnetic  field 

in  all  ilyiiara.'s  is  priiJuoed  from  either  a  permanent  magnet 

or  an  elet-nvmagnet.     A  dynamo  of  the 

tirst  ^'lass  is  called  a  magneto-maohlse. 

Suoh  machines  are  necessarily  small  on 

aicoiint  of  the  ditBcuIty  of  making  large 

permanent  magnets;  in  fact,  the  field  in 

most  magneto- machines  is  produced  by 

several  permanent   magnets  placed  side 

by  ^idc.      The   magnets  are  usually  of 

■  the  U-shaped  pattern,  of  hard  steel,  and 

with  a  recess  bored  out  between  the  ends 

Fig.  ST.  yf  jjjg  poles  to  admit  the  armature,  as 

shown  in  the  diagram.  Fig.  3T. 

As  the  majority  of  mag  nolo- machines  are  made  for  test- 
ing and  signaling  purposes  where  alternating  currents  can 
be  used  to  advantage,  the  armature  is  wound  with  one  large 
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coil  erf  wire,  and  the  two  ends  of  tht;  coil  are  connected  to 
two  separate  cillcctor  rings,  as  shown  in  Fig.  38,  The  alter- 
nating current  is  obtained  from  two  brushes,  one  rubbing 
against  each  collector  ring.  The  brushes  can  bear  upon  the 
~  sclor  ring  at  any  position  relative  to  the  coil  and  the 


field  magnets,  since  all  parts  of  one  collector  ring  are  at 
the  same  potential  in  any  instant.  By  comparing  this  coil 
with  that  in  Fig.  \3,  it  will  be  seen  that  the  current  obtained 
from  the  two  brushes  flows  in  two  directions  during  every 
revolution. 

33.  In  nearly  all  dynamos  furnishing  current  for  lamps, 
power,  and  other  commercial  purposes,  the  magnetic  field 
is  produced  by  an  electromognet.  This  class  of  dynamos 
is  divided  into  various  types,  depending  upon  the  man- 
ner in  which  the  current  is  obtained  to  excite  the  field 
magnets. 

34.  The  first  class  of  machines  to  be  considered  is 
termed  a  separately  excited  dynamo,  from  the  fact  that 
its  field  magnets  are  excited  or  magnetized  by  a  current 
from  some  external  source,  as,  for  instance,  a  voltaic  bat- 
tery, or  another  continuous-current  dynamo.  The  connec- 
tions of  a  separately  excited  dynamo  are  represented  in 
Fig.  39.  The  magnetizing  coils  are  wound  around  the 
Cores  of   a   magnet   and   connected  to  the  terminals  of  a 

'rtltaic  battery  /i.     The   exciting  current    flows  from  the 
f  around   the  cores  of  the   field  magnet   in   sut^l 
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direction  as  to  produce  a  closed  magnetic  circuit  through 
the  armature,   and   has  no  connection  whatever  with  the 
current  obtained  from  the  brushes  by  rotating  the  arma- 
ture.    If  the  strength 
of    the    exciting  cur- 
rent  is   not  changed, 
the   difference  of  po- 
tential    between    the 
brushes    of     the    dy- 
namo when  the  arma- 
ture  is    rotated  at  a 
uniform  speed  remains 
constant    so    long  as 
the  external  circuit  is 
open;    but    when  the 
external    circuit  is 
closed,   the   difference 
of  potential  gradually 
diminishes    as  the 
strength  of  current  increases,  owing  to  the  internal  resist- 
ance of  the  armature  conductors  and  the  reactions  of  the 
armature  current  on  the  field. 


Pig.  39. 


35.     The  mafjfnotizing  force  is  that  which  produces  the 

lines  of  force  in  the  mat^net.  Its  strength  is  proportional 
to  the  strength  of  current  flowing  and  to  the  number  of 
coils  or  complete  turns  around  which  the  current  circu- 
lates. The  total  number  of  turns  multiplied  by  the  strength 
of  the  current  in  amperes  will  give  the  magnetizing  force 
in  a  in  pore- turns.  It  has  been  proved  that  10  amperes 
circulating  around  '20  turns  exert  precisely  the  same  mag- 
netizing force  as  1  ampere  circulating  arotmd  200  turns,  or 
as  200  amperes  circulating  around  1  turn.  In  each  of  these 
cases,  the  magnetizing  force  is  200  ampcrc-turns.  But  the 
number  of  lines  of  force  produced  in  an  electromagnet  is  not 
directly  proportional  to  the  magnetizing  force  in  ampcrc- 
turns.  The  strength  of  the  magnet  in  lines  of  force  depends 
upon  the  permeability  of  the  magnetic  substances  used  in 
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the  core.  The  permeability  varies  greatly  in  different 
mAgnctic  substances,  depending  upon  both  the  physical 
condition  and  the  chemical  compiisitifiii  of  the  substance. 
In  general,  tvrottght  iron,  soft  sheet  iron,  and  steel  have 
greater  permeability  than  cast  iron,  and,  whenever  avail- 
able, should  be  used  in  field  magnets  in  preference.  The 
permeability,  however,  of  all  magnetic  substances  changes 
with  every  stage  of  magnetisation.  In  all  kinds  of  mag- 
netic substances,  the  permeability  decreases  when  the  mag- 
netism is  increased  beyond  a  certain  limit.  This  tendency 
of  the  substance  to  become  less  permeable  is  called  mag- 
netic saturation ;  that  is,  the  substance  becomes  saturated 
with  lines  of  force  and  cannot  hold  any  more.  A  limit  is 
never  reached  where  actual  saturation  takes  place,  but  there 
is  a  limit  beyond  which  it  becomes  impracticable  to  mag- 
netize the  substance.  The  practical  saturation  in  wrought 
iron,  soft  sheet  iron,  and  cast  steel  is  when  there  are  between 
120,000  and  130,000  lines  of  force  per  sq.  in.  of  sectional 
area  of  the  iron,  measured  on  a  plane  at  right  angles  to  the 
lines  of  force  in  the  magnet.  In  gray  cast  iron,  the  prac- 
tical saturation  limit  is  from  60,000  to  70,000  lines  of  force 
per  sq.  in.  Hence,  when  these  limits  are  exceeded,  it 
requires  an  enormous  increase  in  the  ampere-turns  to  produce 
a  slight  change  in  the  number  of  lines  of  force  in  the  magnet. 
In  general,  however,  the  field  magnets  of  dynamos  are 
designed  with  the  density  of  the  lines  of  force  below  the 
saturation  limits,  and  it  is  safe  to  assume  that  any  change 
in  the  strength  of  the  current  circulating  around  the  mag- 
netiaing  coils  produces  a  corresponding  change  in  the  num- 
ber of  lines  of  force  passing  through  the  magnetic  circuit. 
Consequently,  if  the  strength  of  the  current  in  the  field  coils 
ol  a  stparately  excited  dynamo  is  increased  as  the  current  in 
the  armature  becomes  stronger,  the  E.  M,  F.  obtained  from 
the  brushes  will  remain  practically  constant.  This  is  usu- 
ally accomplished  by  inserting  an  adjustable  resistance  box, 
or  field  rheostat  r,  in  series  with  the  battery  and  field  coils, 
4S11  decreasing  the  resistance  as  the  difference  of  potential 
ten  the  brushes  tends  to  drop. 
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}S  DYNAMOS  AND  MOTORS.  47 

divided  by  the  resistance  in  ohms  in  the  field  coil,  neglect- 
ing the  resistance  of  the  rheostat.  For  example,  suppose 
that  the  difference  of  potential  between  the  brushes  of  a 
shunt  dynamo  is  500  volts  when  a  current  of  10  amperes  is 
Sowing  from  the  armature.  If  5^  of  this  current  is  required 
to  excite  the  field  magnets,  the  strength  of  current  circu- 
lating around  the  field  coils  is  10  X  .05  =  .5  ampere;  and 
if  E.  is  the  E.  M.  F.  at  the  brushes,  C.  is  the  current  in 
the  shunt  field,  and  R^  is  the  resistance  of  the  shunt  field, 

then,  according  to  Ohm's  law,  R^  =  ~  =  — —  =.  1,000  ohms. 

37.  When  a  shunt  dynamo  is  rotated  at  a  constant 
speed,  an  appreciable  length  of  time  elapses  before  the  arma- 
ture generates  a  maximum  E.  M.  F,  after  the  field  circuit 
is  closed,  and  in  some  cases  a  self-exciting  dynamo  will 
generate  no  B.  M.  F.  until  after  it  has  been  once  separately 
excited.  The  starting  of  a  dynamo  to  generate  an  E.  M.  P. 
is  termed  pltklns-up,  or  biiIldlUB:-iip.  If  the  field  cir- 
cuit of  a  dynamo  is  open  so  that  no  current  flows  through 
the  magnetizing  coil,  the  armature  will  generate  no  E.  M.  F, 
when  rotated,  provided  the  field  magnets  are  not  permanent 
magnets;  consequently,  when  the  field  circuit  is  closed  on 
a  shunt  dynamo,  no  current  will  flow  through  the  magnet- 
izing coils,  because  there  is  no  difference  of  potential 
between  their  terminals.  But  nearly  all  magnetic  sub- 
stances become  permanent  magnets  in  a  slight  degree  after 
once  being  magnetized. 

This  permanent  magnetism  is  called  rc-sldual  niasuc-t- 
Ism,  since  it  resides  in  the  metal  after  the  magnetizing  force 
has  been  removed.  In  general,  soft  iron  and  annealed  steel 
retain  only  a  small  amount  of  magnetism,  and  in  some 
cases  the  residual  magnetism  is  imperceptible.  Chilled  iron 
and  hardened  steel  retain  residual  magnetism  in  large  quan- 
tities. Artificial  or  permanent  magnets  are  made  by  pla- 
cing a  piece  of  hardened  steel  in  a  dense  magnetic  field  or  in 
contact  with  another  magnet.     Lodestone  is  the  result  of  a 

Rl  residual  magnetism.     Iron  and  its  alloys  will  also 
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become  slightly  magnetized  in  the  process  of  refining  and 
wo^^king. 

From  these  facts  it  will  be  seen  that  the  cases  where  field 
magnets  do  not  exhibit  some  residual  magnetism  are  exceed- 
ingly rare.  The  armature  conductors  when  cutting  the 
lines  of  force  of  the  residual  magnetism  generate  a  small 
E.  M.  F.,  and  this  E.  M.  F.,  in  turn,  causes  a  feeble  cur- 
rent to  circulate  around  the  magnetizing  coils  when  the  field 
circuit  is  closed.  The  residual  magnetism  is,  therefore, 
reenforced  by  the  magnetizing  effect  of  the  current,  which 
is  followed  by  an  increase  in  the  E.  M.  F.  generated,  and 
that,  in  turn,  by  a  stronger  current  in  the  field.  These 
actions  and  reactions  continue  \intil  a  limit  is  reached 
where  the  fields  become  saturated  with  magnetism,  and 
the  number  of  lines  do  not  increase  at  such  a  rapid  rate; 
finally,  both  the  E.  M.  F.  and  the  current  in  the  field  become 
constant. 

38.  The  difference  of  potential  between  the  brushes 
of  shunt  dynamos  gradually  decreases  as  the  current  from 
the  armature  becomes  stronger,  on  account  of  the  internal 
resistance  of  the  armature  conductors  and  the  reactions  of 
the  current  on  the  field.  The  effect  is  even  more  marked 
than  in  se|)arately  excited  dynamos,  because  a  decrease  in 
the  diflerencH;  of  potential  l)et\veen  the  brushes  causes  a 
correspondinii!^  decrease  on  the  field  terminals,  thereby  weak- 
eninjj^  the  current  in  the  ina^nc^tizinj^  coils.  In  order  to  com- 
pensate for  the  decrease  in  the  E.  M.  F.,  a  field  rheostat  r 
of  comparatively  hij^h  resistance  is  connected  in  the  field 
c:ircuit,  and  so  adjusted  that  when  no  current  is  flowing  in 
the  external  circuit  only  enoui^h  current  flows  through  the 
field  to  produce  the  normal  difference  of  potential  between 
the  brushes;  this  normal  difference  of  potential  between  the 
brushes  is  kept  constant  as  the  load  increases  by  gradually 
cutting  out,  or  short-circuitini^,  the  resistance  coils  of  the 
rheostat. 

Note. — The  word  load  as  used  above  is  a  common  expression  for 
current  in  dynamos  generating  a  constant  potential,  and  the  student 
should  become  familiar  with  its  use. 
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3i>.  The  third  class  of  machines  whose  field  magnets 
are  excited  by  an  electric  current  are  termed  scir-exfltlng 
series  dyiiainos,  or  simply 
series  dynanios.  The 
magnetising  coils  of  a  series 
dynamo  are  connected  di- 
rectly in  series  with  the  ex- 
ternal circuit;  that  is,  all 
the  current  from  the  arma- 
ture circulates  around  the 
magnetizing  coils  and  flows 
through  the  external  cir- 
cuit- The  connections  of  a 
series  djniamo  are  shown  in 
Fig.  41.  The  current  starts 
from  the  positive  brush  +5, 
circulates  around  the  external  circuit  Re,  from  thence  through 
the  magnetizing  coils  back  to  the  negative  brush  —B.  The 
action  of  a  series  dynamo  differs  widely  from  that  of  a  shunt 
dynamo.  In  the  first  place,  no  E.  M,  F.  is  generated  in  the 
armature  unless  the  external  circuit  is  closed  and  a  current 
flows  from  the  brushes,  that  is,  neglecting  the  small  E.  M.  F. 
generated  by  the  residual  magnetism.  In  the  second  place, 
the  difference  of  potential  between  the  brushes  depends  upon 
the  strength  of  current  flowing  from  the  armature.  The 
E.  M.  F.,  however,  is  not  directly  proportional  to  the 
strength  of  the  current  unless  the  internal  resistance  and 
reactions  of  the  armature  are  negligible.  Compared  with 
the  coils  on  a  shunt  dynamo,  the  magnetizing  coils  of  a  series 
dynamo  are  made  of  a  few  turns  of  a  large  conductor.  This 
is  necessary,  because  the  coils  usually  are  required  to  carry 
the  total  current  from  the  armature;  the  conductor  is  made 
large  to  carry  the  current  without  heating,  and  only  a  few 
turns  are  used  to  secure  the  proper  degree  of  magnetization, 
since  that  is  proportional  to  the  ampere-turns. 

40.     The  E.  M.  F.  of  a  series  dynamo  may  be  regulated 
in  three  different  ways,  viz. :  (1)  By  controlling  the  strength 
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the  shunt  carrent  being  reenforced  by  the  series  ccireiu. 
When  the  d%iiamo  is  not  loaded,  that  is.  vbes  n<i  comst  is 


,  v..  ¥.  is  geceratcii  in  ibc 


r^tinf- :r:ts  rie  "nayierTrn'.^  5:r::e  •:£  ihe  saunt  cofls,  and 
:mmtt'.::;Lr:":7  imn^ases  the  3:TTTTint;r  :c  lines  ot  force  in  the 
ieitL  Trbt:»:h.  in  ram,  raise  tie  -iiiference  oi  potential 
ber:r»;en  the  Irishes  r:  mrmiil  These  actions  au^e  pro- 
iuceti  -smtiln  ne* :  usIt.  in«i.  t:  ill  aDoeancoes^  the  differ- 
♦ince  ;t  c«- t:^rttiaL  tetTRieo.  the  bmshes  rernam>  normal  for 
all  ihaair^is  :c  1«  aii  in.  the  ^xterrLii  cirenit.  This  method  of 
T^^r^liizin^  the  E.  iL  F.  .c  a  •iynam^'>  is  called  compomid- 
inag.  The  termlxuiB!^  re  a  ivnani*:'  are  the  binding  posts 
t  "3rh:«:h  the  -rrrirniil  oirciiit  is  connected :  in  a  series,  or 
•:•  cit'<:tinti,  i~arn«:  <:ne  terminal  is  attached  to  the  outside 
en«i  -C  the  series  •r'.'ils.  as  —  Z*  in  Fig:.  -4^-  and  the  other 
terminal  is  ->:tinecteii  'iirectlj  t.^  the  brush,  as  represented 
bj  —  r  in  the  i^riire.  It  is  desirable  in  a  great  many  cases 
t  J  «>rer^-t>mp«>aiMi  a  dvnain«>.  or.  in  other  words,  to  wind 
a-  <iim«:ient  znmter  •  t  tnms  on  the  series  coils  so  as  to 
increase  the  dine  re  nee  •jt  p»3tential  between  the  terminals 
•'C  a  'iynam-:  ab«  ve  n.rmal  when  the  load  increases.  The 
express:-  n.  per  cent.  ovei^-compouiMl  means  that  the  dif- 
ferm-re  r-f.  r-.^tential  between  the  terminals  increases  a  given 
ter  vr.:.  ■  :  the  r.mt-L'  ^when  the  Iv-ad  is  at  a  maximum. 
F  r  rx^n:iir.  >.:'  i*  >::' ^  :hr  nrmai  V'jitaire  oi  a  dvnamo  is 
■■  ■"  V  '.:^  j.r.  1  ::  :<  1  v-r:  mr-»und  at  full  kxid;  the  dif- 
r^r-rr.  -r  :  :«  :er.:i-l  ' -.t-vr-rr.  th-r  terminals  of  the  machine  at 
:.:'.'.  \  -i  1  is.  ir-r-.-:   r-r.  ■"•  ■'•  —  i-'^*"*   v  .!«»)  =  55* >  volts. 

Ir.  >•:::-:  .i-r>  ::  :-  An  .iivdr.ta^sTe  to  connect  the  shunt 
rir*.  i  ■  utsiie  th-.-  series  c  iis:  that  is.  in  Fig.  -14,  to  connect 
th':  r.-.:at:v'.'  cr..i  •  :  th-  <hu"t  :  il  t«)  the  negative  terminal 
—  f,  instea-i  •  f  Lcinc  o-  nr.cvted  t"  the  negative  brush  — />. 
This  C'jnnccti'.'n  is  scld«:'rr.  uscC  in  practice. 


TiTT^S    OF    BIPOI.AR    FIKT.D    MAGXETS. 

4^5,  The  various  types  of  tieUl  magnets  for  dynamos  in 
which  the  armature  rev<»lves  between  only  one  pair  of  poles 
are  shown  in  Fig.  45.  It  is  customary  to  speak  of  such 
machines  as  bIiM>lur  dynamos,  from  the  fact  that   only  one 
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!    pair  of  poles  is  presented  to  the  armature.     The  broken  lines 

I    and  arrowheads  in  each  of  the  separate  cuts  represent  the 

!    paths   of  the   lines  of   force   which   must   pass   lengthwise 

I    through  the  coils  from  the  north  i«)le  to  the  south  pole.     The 

black  dots  indicate  a  cross-section  through  the  wires  which 

form  the  coils. 

I       Field  poles  are  distinguished  as  follows  with  respect  to 

1   the   coiLs  producing  them:     (n)  oallont  jioles;  {/')  foiise- 

quent  polos. 

In  all  cases  where  a  single  coil  is  used,  or  where,  if  two 
'  coils  are  used,  they  are  wound  so  as  to  produce  unlike  jKiles 
at  their  free  ends,  the  poles  are  called  salient  poles.  When 
two  coils  are  used  and  wound  so  as  to  make  their  adjacent 
poles  similar,  the  resultant  poles  are  called  consequent 
poles. 

Referring  to  Fig.  45,  salient  poles  exist  In  fields  /I,  C,  G. 
J,  K,  L,  M.  .V,  and  consequent  poles  in  A,  D,  li,  f.  //,  /. 
The  adjacent  coils  in  .'),  Fig.  45,  have  their  adjacent  poles 
at  A' and  S  similar.  Were  these  poles  opposite,  the  mag- 
netic flu.v  would  circulate  around  the  magnets  without 
passing  through  the  armature. 

^^f  TYPES  OF  DYXAMOS. 

'      #4.     Dynamos    are  divided   into    three   general    types, 
depending  on  the  character  of  their  currents.     These  three 

'    types  are : 

1.  Const«ut-i>otentlal  dj-namos,  in  which  the  E.  M.  P. 
remains  constant  and  the  strength  of  current  (continuous) 

.    changes  with  the  load  or  external  resistance. 

3.     Constant- ciirpont  dynamos,  in  which  the  strength 

\   of  current  (continuous  and  pulsating)  remains  constant  and 

,    the  E.  M.  F.  changes  with  the  load. 

I        3.     Al tern atln(ir-eur rent  djiiamos.    the    current    from 

u[fai^^alternatcs  or  reverses  direction  with  great  rapidity 
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and  whose  B.  M.  F.  is  constant.  In  ordinary  alternating- 
current  dynamos,  the  reversals  average  generally  either 
7,300  or  16,000  per  minute. 

Note. — A  dynamo  which  generates  current  for  power  purpows  has 
been  conventionally  termed  a  generator,  to  distinguian  it  from  a 
machine  for  lighting. 


CONSTANT-POTENTIAL    HTNAMOB    AND 
GENERATORS. 
4ff.    The  foregoing  articles  have  demonstrated  the  prin- 
ciple and  regulation  of  constant-potential  dynamos,  but  only 
one  form  has  been  considered,  namely,  a  dynamo  in  which  a 
ring  or  drum  armature  is  rotated  between  only  one  pair  of 
poles  from   a   U-shaped  magnet.     Theoretically,   however, 
constant-potential  dynamos  can  be  built  with  one  armature 
revolving  between  any  number  of  pairs  of  poles,  although  in 
practice  eight  pairs  of  poles  are  seldom  exceeded,  except  in 
machines  for  large  output  and  slow  speed.     Machines  hav- 
ing more   than  one  pair  of   poles  are  called  mnltlpolK^ 
dynamos. 

In  multipolar  dynamos  the  pole  pieces  and  field  cores  a«^^ 
fastened  into  one  magnetic  yoke,  more   or  less  circular   ^^ 
shape,  as  shown  in  Fig.  ^^ 
which  represents  the  m^p. 
netic   circuits  of    a    fo\ir. 
pole  dynamo.     A  magnet- 
izing coil   is  wound  upon 
each   field    core,    and    [fie 
four  coils  are  connected  in 
t  series   in   such   a   manner 
that  when  a  current  circu- 
lates  around   the    coil,  it 
produces  first  a  north  p(Je 
and   then    a    south    pole. 
The   lines  of    force   from 
each  field  core  divide  into 
two   magnetic  circuits  in 
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the  yoke  anu  armature,  as  represented  in  the  diagram. 
Their  density  is  practically  uniform,  however,  where  they 
pass  from  the  north  pole  into  the  armature  core,  or  from 
the  armature  core  into  the  south  pole.  In  nearly  all  multi- 
polar dynamos  this  same  principle  of  polarity  is  applied, 
that  is,  every  other  pole  is  of  like  polarity,  and  lines  of 
force  from  each  core  divide  into  two  magnetic  circuits,  in 
the  armature  and  in  the  field  yoke. 

46.  The  process  of  generating  an  E.  M.  F.  is  similar  to 
that  in  bipolar  machines,  but  there  are  some  points  which 
should  be  understood.     Consider  first  the  case  of  a  ring  core 


with  a  closed-coil  winding  as  shown  in  the  diagram.  Fig.  47. 
If  the  armature  is  rotated  in  the  direction  of  the  large  arrow, 
the  E.  M.  F,  generated  in  the  conductors  in  front  of  the 
south  poles  will  tend  to  act  downwards  along  the  face  of  the 
pole,  while  that  generated  in  front  of  the  north  pole  will 
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fnd  to  act  upwards.     By  tracing  out.  by  aid  of  the  small 
uwbeads  on  the  conductors,  the  direction  in  which  the 
acts,  it  will  be  seen   that  tberc  are  four  points 
Irhere  the  E.  M.  F.  acts  in  opposite  directions.     The  action 
'  the  clcrtromotivc  forces  is  to  meet  at  a'  and  /'  and  to 
■  divide  at  /  and  m'.     The  segments  connected  to  a'  and  /' 
I  have  the  same  potential  and  form  two  positive  neutral  points 
\A  the  commutator;   the  segments  connected  to  c"  and  m' 
c  the  same  ptrtenlial  and  form  two  neutral  points  of  the 
commntatitr.     Hence,  four  brushes  are  necessary — two  posi- 
tive and  two  negative.     The  current  is  obtained  from  the    — 
armature  by  connecting  the  two  positive  brushes  in  parallel  f 
to  one  terminal  of  the  external  circuit  and  the  two  nega^ —  _ 
tive  brushes  to  the  other  terminal,  as  shown  in    Fig.   48..  ^r~ 
The  currents  from  the  positive  brushes  unite  to  for—  ""-- 

current  in  the  external  circuit  and  dt^ 
vide  again  between  the  negativi 
The  current  in  the  armature  is  divide; 
into  four  circuits  in  parallel  instead  « 
two,  as  in  bipolar  dynamos,  and  Ung 
maximum  H.  M.  F.  that  is  obta!nal>)^ 
from  the  brushes  is  equal  to  that  gein^r. 
aled  by  the  active  conductors  in  one  a( 
^"'  ''^  the    circuits   only.      For  example,   the 

difference  of  pt>tential  between  the  positive  and  negaliV 
brushes  in  Fig.  47,  when  no  current  is  flowing,  is  equal  lo 
the  E.  M.  F.  generated  in  one-quarter  of  the  outside  wirrs 
on  the  core;  or,  in  other  words,  the  total  E,  M.  F.  of  the 
armature  is  proportional  to  the  number  of  outside  wires 
connected  in  series  between  brushes  of  opposite  polarity. 

The  current  in  a  ring  armature  wound  and  connected  in 
this  manner,  if  placed  in  a  field  magnet  of  six  poles,  would 
divide  into  six  circuits  in  parallel ;  if  the  armature  is  placed 
in  a  field  magnet  of  eight  poles,  the  current  would  divide 
into  eight  circuits  in  parallel,  and  so  on.  An  armature 
windinR  of  this  character  is  called  a  parallel,  or  multiple, 
-Indluift*  since  the  current  divides  into  as  many  circuits  in 
"allcl  as  there  arc  poles  in  the  field  magnet. 


number  of  outside  wires  on  the  core.  This  armature  wind- 
ing is  termed  a  scries  u-ifiiiing,  since  one-half  of  the  total 
outside  wires  is  the  largest  possible  number  that  can  be 
connected  in  series  and  produce  a  continuous  current. 

There  are  many  different  methods  of  connecting  and 
winding  armatures  for  generating  a  continuous  current,  the 
method  used  depending  upon  the  character  of  the  current 
and  E.  M.  F.  desired.  Drum  windings  as  well  as  ring 
windings  are  connected  in  a  variety  of  ways  for  multipolar 
and  bipolar  dynamos,  but  the  principle  of  commutation  and 
generation  of  E.  M.  F,  does  not  differ  from  that  previously 
described;  the  E.  M.  F.  is  always  proportional  to  the  num- 
ber of  outside  or  active  wires  connected  in  series. 

48,  The  regulation  of  multipolar  dynamos  for  constant 
potential  is  accomplished  by  the  changing  of  the  strength 
of  the  magnetizing  force,  as  in  the  bipolar  machines.  In  a 
compound  dynamo,  the  series  coils  are  wound  on  each  field 
core  and  all  connected  together  in  parallel  or  series,  which- 
ever is  more  expedient. 

49,  Types  of  Multipolar  Flelcl  Ma{rnet». — The  various 
types  of  multipolar  field  magnets  are  shown  in  Fig.  49. 
Consequent  and  salient  poles  are  used  as  in  bipolar  field 
magnets,  but  the  type  generally  employed  has  salient  poles 
alone,  as  in  C  and  E.  A  embodies  both  consequent  and 
salient  poles.  In  /•  the  field  magnet  is  surrounded  by  the 
armature  and  is  known  as  an  internal-pole  dynamo.  The 
armature  in  all  cases  is  that  part  of  a  dynamo  in  which 
the  current  is  generated.  Each  type  of  field  magnet  in 
the  above  figure  has  its  own  special  advantages,  but  all 
represent  good  design. 

50,  Mechanical  Construction. — Heretofore,  only  the 
principles  of  a  dynamo  have  been  considered;  its  mechan- 
ical construction  in  detail  depends  upon  the  requirements  of 
the  machine  and  upon  the  originality  and  taste  of  the 
designer.  A  few  general  remarks,  however,  on  the  con- 
struction of  the  principal  parts  of  the  machine  are  necessary 
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z :  Z'-Tt  zjyt  szi*fjmz  i  «;ie-ir  cociccptijc  •:■€  a  oxnplcte  dTnamo 

T'"«t  zi^:r.ir:'«2al  c::c5cr:i-::^oc  '^f  a.  typical  bipolar  dynamo 
Ls  fc-::rr.  in  Fiz-  ^•>.  wiiicrL  is  a  verxiciL  secci*>Ei  taken  along 
zzFt  lemrtr  :c  liie  ar:3ar:ire  sc-if^  Tae  parts  oi  the  machine 
^h-:  •■n.  in  tn-e  n<nr^  are  letrerwL  aiKi  the  aames  of  the  parts 
•:":rr-isc*:n'i:nz  -  >  "^^  letters  are  as  foUoirs: 

A  =  AmLitnre  o:  re,  wnica  may  be  either  ptinchings  from 
shtrtt  irzn  ir  b:iilt  up  'jt  dne  annealed  iron  wire. 

£  =  Arziitnre  sp-Mer  i:c  cxLuecting  o>re  to  shaft. 

C  =  Arzijimre  slider  b-jlts^ 

D  =  Arnij.:i:re  key  f^z-r  fastening  spider  to  shaft. 

E  =  Arniiture  L>:kntLt. 

F  =  Pilr  C'iece. 

G,  =  Maj^Tiriic  y-  ke. 

G  =  Mag^netizing  or  deld  o>iL 

//  =  Franie. 

/.  =  C-  ■rr..rn.u:at':'r  bars  or  segments. 

y  —  C'-mniutat'-r  insulation, 

A' =  C  -niniutat  r  >hell  or  Nxiy,   and   rings   for  holding 

/./ —  Ar::--.v  r.  l.-iN.     ,  :nr.ec::n^    ;irma:urc    winding  to 


» • 


''7  —  R  •  k  .r-iir:::  ■  r  :  nish-h-.'Ider  voke. 

/i,  --  Carb'»n-bru<h  hammers. 

.V  —  Shaft. 

/  :-  I>"arinj^  or  l'ra>s.  ,         ^               ^ 

,.       .    ,     .  L'^mplete  outfit 

I     -:  Dil  rmj^s.  '     „    , 

,,..,,  callcci 

/      -  Standard.  .,,        ,  ,     , 

,,.      ,,       r               ,      ,  inllow-block. 
\\   .-  (.ap  for  standard. 

.V   --  Pullcv. 

Y    -  Key  for  jndley. 

Z  =  Eyebolt. 
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51.  Frume. — The  frame  is  made  up  of  two  castings; 
the  upper  one  forms  the  magnetic  yoke  C,  and  pole  piercs  F, 
and  is  bolted  to  the  lower  one  //,  which  forms  the  base  and 
is  extended  on  either  side  to  support  the  standards  X^,  V,  The 
pole  pieces  are  bored  out  to  admit  the  armature  core  when 
wound ;  the  standards  are  bolted  to  the  base  casting  and  are 
soadjustedas  toallowthearmaturecore  to  revolve  centrally 
between  the  pole  pieces.  The  magnetizing  or  field  coils  G, 
only  one  of  which  is  shown  in  this  cut,  are  wound  on  sepa- 
rate bobbins  or  spools,  and  one  is  slipped  over  each  pole 
piece. 


513.  Annature. — As  generally  used,  the  word  artna- 
tupo  includes  the  wound  core  and  commutator  mounted  on 
the  shaft  ready  for  operating.  In  Fig.  50,  the  armature 
spider  H  is  made  in  halves;  each  half  is  provided  with 
flanges  /\  at  the  ends  to  hold  the  disks  or  sheets  of  iron  A 
in  place.  The  disks  are  punched  in  circular  rings  from  thin 
sheet  iron  annealed,  and  a  large  number  are  slipped  over 
each  half  of  the  spider,  which  is  then  bolted  together  by  long 
spider  bolts  (7  as  shown.  The  spider  usually  has  three  or 
four  arms  joining  the  flanges  to  the  hub,  the  armature  con- 
ductors on  the  inside  of  the  ring,  in  case  of  ring  winding, 
being  wotmd  between  the  arms.  The  hub  of  the  spider  is 
bored  out  to  slip  over  a  portion  of  the  shaft  S\  it  rests  against 
a  turned  shoulder  A',,  and  is  held  in  this  position  by  the 
armature  nut£.  The  spider  and  core  are  made  to  revolve 
with  the  shaft  by  the  aid  of  a  key  or  feather  D,  fitted  into  the 
spider  hub  and  into  the  shaft.  The  core  and  spider  are  insu- 
lated by  mica,  cloth,  paper,  etc.,  M^,  and  the  armature  con- 
ductors are  wound  on  them  in  the  manner  previously 
described,  with  armature  leads  properly  connected  to  the 
winding  al  suitable  places.  After  the  core  has  been  wound 
and  the  leads  connected  to  the  commutator,  the  winding  is 
sometimes  covered  or  dressed  with  cloth  of  suitable  texture 
to  prevent  flying  particles  and  dust  injuring  or  short-circuit- 
ing the  coils.  The  armature  leads  should  be  made  of  a  flex- 
IBIb  conductor  or  cable,  insulated  from    one  another  tfltb. 
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cotton  or  rubber  tape ;  an  electrical  contact  of  two  leads  will 
short-circuit  and  burn  out  the  intervening  coil.  It  is  some- 
times the  practice  to  use  the  armature  conductors  them- 
selves for  leads  by  looping  the  conductor  and  connecting  the 
end  of  the  loop  to  the  commutator.  This  is  bad  practice, 
however,  and,  except  for  small  dynamos,  ought  not  to  be 
followed.  A  large,  solid  copper  wire  is  liable  to  become 
crystallized  by  the  repeated  vibration  of  the  machine  and 
will  eventually  give  way. 

53.     Commutatop. — Every   maker   of    dynamos    has  a 
special   design   of   commutator,    but   all   embody  the  same 
general  construction.     Fig.  51  shows  two  enlarged  views  of 
a  commutator  such  as  is  shown  in  place  in   Fig.  50.     It  will 
be  noticed  that  the  segments  are  broader  on  the  outside  of 
the  commutator  than  near  the  center,  thus  providing  for  an 
equal  thickness  of  insulation  between  all  parts  of  adjacent 
bars.     A  portion  a  of  each  segment  projects  above  the  gen- 
eral level  of  the  commutator  surface,  and  is  provided  with  a 
slot  into  which  the  armature  leads  are  securely  fastened  by 
screws  s,  s,  as  shown  at  /.    Sometimes  the  leads  are  soldered 
to  the   sei^ments.      The  method   of   clamping   and  securely 
holdinj^  the  sej^menis  is  shown  in  the  lower  view.     The  com- 
mutator shell,  it  will  be  seen,  consists  of  two  rings rr  and r,r,, 
clamj^ed  together  by  b<»lts  /\  b.     The  notches  //  in  the  seg- 
ments tit  over  e«»rres})<»n(ling  projections  on  the   rings,  and 
as   the   bolts  are  tightened  the  segments  are   drawn   firmly 
against   the  insulation  whic  h  separates  them.      The  commu- 
tator shell  is  usually  made   of   brass,  sometimes  of  cast  iron. 
This  shell   is,  of  course,  thoroughlv  insidated  from  the  com- 
mutator   segments.      A   key  is   fitted    into  the   commutator 
shell  and  shaft   to  cause   the  commutator  to  turn  with  the 
shaft.      The  armature  leads  from  the  winding  are  soldered 
or  screwed  to  ears  or  (dips  extending  from  each  commutator 
bar,  as  shown  bv  the  cross-sectional  view. 

oJ:.     Brushes  and  IJriish   llolclei-s. — In  the  cut  of  the 

machine  in  Fig.  50,  the  brushes  shown  are  made  of  carbon 
and  rub  against  the  segments  of  the  commutator  radially, 
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the  load  is  varied.  This  action  is  usually  accomplished  by  a 
handle  attached  to  the  rocker-arm;  and  a  thumbscrew  or  set- 
screw  is  provided  to  hold  the  rocker-arm  in  position  when 
properly  adjusted.  The  current  is  taken  from  the  brushes 
by  a  cable  or  flexible  conductor  connected  to  the  brush 
holder,  generally  by  the  use  of  a  small  cable  clip  surround- 
ing the  stud.  On  some  kinds  of  dynamos  it  is  customary 
to  use  copper  brushes;  that  is,  brushes  made  either  of 
copper  leaves,  strips,  wires,  or  gauze.  Such  brushes  are 
built  in  a  great  variety  of  ways,  and  on  constant-potential 
machines  are  generally  used  where  the  E.  'M.  F.  does  not 
exceed  125  volts. 

55,     Journals  or    Bearinprs. — The    armatures  of  most 
dynamos  are  generally  driven  at  a  high  speed  compared  with 
the  average  rotating  machinery,  and  hence  it  is  important 
that  the  journals  or  bearings  should  be  of  the  best  design 
possible.     In  the  dynamo  shown  in  Fig.  50  the  bearings  are 
called  sc'lf-allniii^jf  boxes;   that  is,  the  linings  are  allowed 
to  find  their  own  alinement  with  the  shaft.     This  is  accom- 
plished by  turning  a  spherical  surface  V^  around  the  center 
of  the  lining  and  turnin;^  the  cap  and  standard  to  match,  a^ 
shown    in    the   cross-sectional    view.      The  linings  /  in  such 
a   bearing  are   usually  made  oi  some  comi)ositi(.>n  metal,  ai? 
bronze  or  i^un-metal,  for  small  machines;  on  large  niachinet^ 
the  linini^s  are  made  <)f  cast  iron  covered  on  the  inside  witb 
babbitt  metal. 

The  l)c-st  prac^tice  in  lubricating  high-speed  journals  in 
dynamos  is  to  make  the  bearings  St/f-oiiin^i^  or  scif-Zubriia' 
tifi^t^ ;  that  is,  to  design  the  bearings  with  a  reservoir  of  oil 
below  the  journal,  using  some  device  to  carry  the  oil  from 
the  reservoirs  to  the  toj)  of  the  journal,  from  whence  it 
n(>ws  artnmd  the  journals  and  drops  l)ack  into  the  reservoirs 
again.  This  nu-thod  })ro(luces  a  constant  circulation  of  oil 
around  the  journals  and  allows  the  oil  to  be  used  over  and 
over  again. 

A  good  method  of  automatically  oiling  or  lubricating 
bearings  on  journals  is  shown  in  the  cross-sectional  view  in 
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Fig.  50,  Two  slots  are  cut  across  tht  top  of  each  lining, 
permitting  two  circular  oil  rings  U  In  rest  upon  the  journals 
of  the  shaft:  the  diameters  of  the  rings  are  made  large 
in  comparison  with  the  diameter  of  the  shaft,  and  their 
lower  parts  dip  into  the  reservoirs  of  oil.  When  the  shaft 
is  rotated,  the  friction  between  it  and  the  inside  of  the 
oil  rings  causes  the  latter  to  revolve,  thus  carrying  tlie  oil 
which  adheres  to  the  bottom  part  of  the  rings  to  the  top  of 
the  journal,  where  it  finds  its  way  between  the  linings  and 
the  shaft. 

In  general,  any  freely  lubricated  journals  can  be  used  in 
dynamos  <ir  generators. 

56.  Prlvlng:  MtH-hnnlsm.— The  armatures  of  nearly 
all  dynamos  are  driven  in  one  of  the  following  ways:  (!)  By 
using  a  flat  belt  passing  over  a  pulley  on  the  armature  shaft. 
(3)  By  using  several  ropes,  side  by  side,  running  in  a  grooved 
pulley.  (3)  By  connecting  the  armature  directly  to  the 
crank-shaft  or  shaft  of  the  driving  machine,  which,  in  most 
cases,  consists  of  a  steam  engine,  steam  turbine,  or  water- 
wheel.  In  any  of  the  above  methods,  the  driving  mecha- 
nism should  be  amply  capable  of  transmitting  the  total  output 
of  the  dynamo  with 
a  suitable  factor  of 
safety. 

57.  A  perspet 
tive  view  of  the  bi 
i»^lar  dynamo  just 
described  is  shown 
in  Fig.  52.  In  the 
figure  the  raachmt 
is  represented  i 
ready  for  opera 
ling,  and  is  mount 
cd  upon  slidmg 
rails  which  are  at 
tached  to  the  wood- 
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machine,  are  used  to  move  the  dynamo  along  the  rails, 
thereby  loosening  or  tightening  the  belt  as  the  circum- 
stances may  require.  The  current  passes  from  the  brush 
holders  through  flexible  copper  cables  to  two  terminals 
fj-stened  to,  but  insidated  from,  the  pole  pieces;  from  the 
terminals  the  current  passes  through  the  scries  winding  on 
the  field  or  magnetizing  coils,  and  thence  to  a  small  con- 
nection board  on  the  top  of  the  pole  pieces.  An  incan- 
descent lamp  is  connected  between  the  main  terminals  of 
tt .  connection  board,  and  is  used  to  indicate  when  the 
machine  is  generating  its  nf.rr.Vi-e^t^''  '  '  ' — p  used 
for  thi«  ■""■' —  ..^- -  pilot  lump. 

^uiar   dynamo   for  developing    a   constant 
.._.  and  ready  for  operating  is  shown  in  Fig.  53.     In 


§9  DYNAMOS  AND  MOTORS.  Bfl 

and  the  other  consisting  of  the  luwer  magnetic  yoke  and  two 
pole  pieces,  from  which  project  two  extensions  for  support- 
ing the  pillow-blocks.  The  dynamo  slides  upon  a  cast-iron 
bedplate,  and  adjustment  is  made  by  a  screw,  as  in  the  case 
of  the  bipolar  dynamo.  ' 

The  two  dynamos  previously  described  are  illustrations 
taken  from  actual  practice  and  embody  some  special  fea- 
tures which  are  not  found  in  other  machines  of  the  same 
character;  they  were  selectwl,  however,  on  account  of  their 
simplicity,  to  convey  to  the  student  a  general  idea  of  h?** 
electrical  priw*^'  '■■  niiT!^^^*"T""*---is'Jth  mechanical  con- 
structiou.  ■      -   .- 


EFFlCIESrCT   OF   COXSTANT-POTENTIAIi 
D'YTSTAMOS. 

59.  As  previously  stated,  a  dynamo  is  a  machine  for 
converting  or  transforming  mechanical  into  electrical 
energy.  In  any  transformation  of  energy,  the  total  amount 
of  energy  is  constant;  when  energy  which  is  manifested  in 
one  form  disappears,  the  same  quantity  will  always  appear 
again  in  another  form  or  in  several  other  different  forms. 
This  action  is  exactly  that  which  takes  place  in  a  dynamo. 
A  certain  amount  of  mechanical  energy  is  delivered  to  the 
armature  shaft  of  the  dynamo  by  a  belt  or  some  other  trans- 
mitting device;  a  large  portion  of  the  energy  is  converted 
into  electrical  energy  in  the  armature  conductors  and  is 
transmitted  to  the  external  circuit,  while  the  rest  of  the 
energy,  usually  the  smaller  portion,  is  converted  directly  or 
indirectly  into  heat  energy  in  the  different  parts  of  the 
dynamo  itself.  The  amount  of  energy  delivered  to  the  arma- 
ture shaft  is  always  equal  to  the  energy  appearing  in  the 
external  circuit  from  the  brushes,  plus  the  energy  converted 
into  heat  in  the  dynamo  itself. 

In  a  dynamo  the  mechanical  energy  delivered  to  the  arma- 
ture shaft  is  usually  called  the  Input ;  the  electrical  energy 
appearing  in  the  external  circuit  from  the  brushes  is  called 
the  output;  and  the  energy  converted  into  heat  directly  or 
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indirectly  in  the  dynamo  itself  is  termed  eatergy 
or  simply  losses.  This  last  term  is  not  a  strictly  true  one; 
for  the  energy  converted  into  heat  in  the  dynamo  is  lost  onlj 
in  relation  to  its  utility — ^it  cannot  be  utilised  to  an  advan- 
tage, and  if  too  intense,  endangers  the  life  of  the  machine. 

From  what  has  been  stated,  it^will  be  seen  that  the  im/Mi 
of  a  dynamo  is  always  equal  to  the  output  at  the  bnishei, 
plus  the  losses  in  the  machine  itself;  or,  in  other  words,  the 
losses  in  the  dynamo  are  equal  to  the  difference  between  the 
input  and  the  output.  It  is  assumed  in  the  above  statement 
that  the  inputs  output^  and  losses  are  reduced  to  the  same 
units.  For  example,  suppose  that  30  horsepower  is  deliv- 
ered to  the  armature  shaft  of  a  dynamo  where  the  output 
from  the  brushes  to  the  external  circuit  is  13,428  wattB. 
Reducing  the  20  horsepower  to  watts  gives  20  X  746  = 
14,920  watts;  hence,  the  losses  in  the  dynamo  are  equal  to 
the  difference  between  the  input  of  14,920  watts  and  the  out- 
put of  13,428  watts,  or  14,920  — 18,428  =  1,492  watts. 

60,  It  is  more  convenient,  however,  to  express  the  rela- 
tion of  the  input y  output^  and  losses  of  a  dynamo  in  percent* 

age ;  that  is,  the  output  as  well  as  the  losses  may  be  expressed 
as  a  certain  per  cent,  of  the  input.  The  relation  of  the  input 
to  the  output  of  a  dynamo,  expressed  in  percentage,  is 
termed  the  efflcieney  of  the  machine. 

Let  /  =  the  input  of  a  dynamo; 

O  =  the  output ; 
E  =  the  per  cent,  efficiency. 

Then,  the  per  cent,  efficiency  of  a  dynamo  may  be  found 
by  the  formula 

E  =  ^-9^.  (2.) 

That  is,  to  find  the  per  eent.  effieieney  of  a  dynamo^  divide 

the  output  in  watts  by  the  input  in  zuatts  and  multiply  by  100, 

For   instance,  in   the   above   example,  the  efficiency,  by 

formula  2, 

-      100  X  13,428      .. 
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61,     The  relation  of  the  input  to  the  heat  losses  in  a 
dynamo,  expressed  in  percentage,  is  termed  the  per  cent. 


Let  L  =  per  cent.  loss.  Then,  the  per  cent,  loss  in  a 
dynamo  may  be  found  by  the  formula 

L = mi^.     (3.) 

That  is,  to  find  the  total  per  cent,  loss  in  a  dynamo^  divide 
the  difference  between  the  input  and  the  output  in  ivatts  by 
the  input  in  watts  and  multiply  by  100, 

Example. — (a)  What  is  the  per  cent,  efficiency  of  a  dynamo  if 
10  horsepower  is  delivered  to  the  armature  shaft  and  the  output  from 
the  brushes  is  equivalent  to  6,341  watts  ?  {/>)  What  is  the  total  per  cent, 
loss  in  the  dynamo  when  running  under  these  conditions  ? 

Solution.— Reducing  the  input  of  10  H.  P.  gives  10  x  746  =  7,460 
watts  input,     (a)  By  formula  2,  the  efficiency 

_      100X6,341       _  ^       . 

^  ~ fy  Atu\ —  ~  ^  P^^  cent.     Ans. 

{b)  By  formula  3,  the  total  loss 

-       100(7.460-6.341)      _  ^       . 

L  = ^ — ^  ■     =  15  per  cent.     Ans. 

The  efficiency  of  a  dynamo  depends  upon  its  character, 
construction,  condition  when  tested,  its  capacity  (or  out- 
put), losses,  and  various  other  conditions;  in  fact,  two 
dynamos  of  the  same  construction  and  capacity  seldom  show 
exactly  the  same  efficiency.  The  following  list,  however, 
will  give  the  student  a  general  idea  of  the  approximate  per 
cent,  efficiencies  which  should  be  obtained  from  constant- 
potential  machines  of  different  capacities,  or  outputs,  under 
ordinary  conditions  met  with  in  practice : 

From  750  to  1,500  watts  output  inclusive,  about  T.");^ 
efficiency. 

From  3,000  to  5,000  watts  output  inclusive,  about  S();;jJ 
efficiency. 

From  7,500  to  10,000  watts  output  inclusive,  about  85ji^ 
efficiency. 
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From  15,000  to  100,000  vatts  Mtpiit  indHm;,  about  90^ 

eflhriencT. 

From  150,000  watts  ontpot  and  iiwatds  frmn  91  to  9^ 
efficiency. 

The  method  of  actoaDy  teatiBK  a  dynamo  to  find  its  dl- 
cicncT  and  losses  is  tiejood  tlie  flOO|ie  of  this  section;  ^ 
above,  however,  will  serve  as  a  gnide  to  the  stndcnt  wheo 
computing  the  necessary  power  leqnifed  to  drive  dynuus 
of  different  capacities  or  ontpots. 

62.  When  the  output  of  a  dynamoaadits  coriespondiBt 
efficiency  are  given,  the  input  ntcciiirj  may  be  found  bf 
the  formula 

/=  1?»|L?.         (4.) 

That  is,  the  input  necessary  /#  drive  et  dymmmm^  wken  iH 
output  and  efficiency  at  thai  mUpmi  are  givem^  is  Mmneihj 
dividing  the  output  by  the  per  eeui,  effidemcy  amd  mmUiplpag 

the  quotient  by  100. 

Example  1.— The  efficiency  of  m  conttsnt-poftmHsl  djaano  ii  tasi 

to  be  HTri  when  giving  an  output  of  ft,841  watts;  find  the  iiqmt  in 
horsepower  necessary  to  drive  its  armature  sbaft  under  these  ooo- 

dilions. 

SoLL'TioN'.— By   formula  4,  the  input    necessary  /  = r= 

7460 

—  7,4fK>  waits.     The  equivalent  of  7.400  watts  in  horsepower  is  -^ 

—  10  horse|K>wer,  which  is  the  power  required  to  drive  the  armature 
shaft  of  the  dynamo  under  the  stated  conditions.    Ans. 

When  the  input  of  a  dynamo  and  its  corresponding 
efficiency  are  given,  the  output  may  befotmd  by  the  formula 

That  is,  the  output  of  a  dynamo^  of  which  the  input  andtht 
efficiency  at  that  input  are  given,  is  obtained  by  multiplying 
the  input  by  the  per  cent,  efficiency  and  dividing  by  100. 

KxAMi*LK  2. — An  input  of  35  horsepower  is  delivered  to  the  shaft  of 
a  dynamo;  if  its  efficiency  at  that  input  is  89.5)i;  find  its  output  in 
watts. 
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Solution. — The  equivalent  of  35  horsepower  is  85  x  746  =26,110 
watts.  By  formula  5,  the  output  of  the  dynamo  under  these  con- 
ditions, 

^      26,110  X  89.5      oo  Q^Q  ..       ^^        . 
O  =  — ■ — zr^ =  23,868.46  watts.     Ans. 

63.  The  total  loss  of  power  in  a  dynamo  can  be  sepa- 
rated into  smaller  losses,  depending  upon  the  manner  in 
which  the  loss  is  produced  and  the  part  of  the  dynamo  in 
which  it  occurs.  In  ordinary  cases,  all  the  losses  will  come 
imder  one  or  more  of  the  following  heads: 

1.  Mechanical-friction  loss. 

2.  Core  loss. 

3.  Field  loss. 

4.  Armature  loss. 

64,  Friction  liosses. — The  larger  part  of  the  loss  due 
to  mechanical  friction  takes  place  between  the  bearings  and 
journals.  The  brushes  rubbing  on  the  commutator  produce 
some  friction  and  consequent  loss,  but  the  amount  is  small, 
unless  carbon  brushes,  under  heavy  pressure,  are  used.  The 
per  cent,  of  power  lost  in  mechanical  friction  necessarily 
depends  upon  the  construction  and  condition  of  the  bearings 
and  journals,  upon  the  size  of  the  machine,  and,  to  some 
extent,  on  the  method  of  driving  the  armature  shaft.  Under 
ordinary  conditions,  the  loss  in  mechanical  friction  should 
not  exceed  5^  of  the  input  of  dynamos  from  1,500  up  to 
about  10,000  watts  output,  and  3^  of  the  input  of  dynamos 
from  15,000  to  100,000  watts  output.  For  example,  suppose 
that  a  dynamo  has  an  efficiency  of  88^  at  its  rated  output  of 
22,000  watts,  and  a  test  shows  that  2.5^  of  the  input  is  lost 
in  mechanical  friction.  The  total  loss  in  the  machine  is  100 
—  88  =  12^,  of  which  2.5^  is  lost  in  friction;  the  remaining 
9.55^  loss  is  due  to  other  causes.  The  total  input  to  the 
machine,  from   formula  4,   is  ^^^-^  X  100  =  25,000   watts; 

hence,  the  power  lost  in  friction  is  -^ — — — — '—  =  G25  watts. 

66,  Core  liosses. — The  core  loss  is  the  energy  con- 
verted into  heat  in  the  iron  disks  of  the  armature  core  when 
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they  are  rotated  in  the  magnetic  field.  A  small  portion  of 
this  loss  is  due  to  eddy  currents  generated  in  the  revolving 
core  disks,  as  explained  in  Art.  16;  the  larger  portion  of 
the  loss  is  due  to  a  fnagnctic  friction  which  occiurs  whenever 
the  direction  of  the  lines  of  force  is  rapidly  changed  in  a 
magnetic  substance.  When  the  magnetism  of  an  electro- 
magnet is  rapidly  reversed — that  is,  when  the  direction  of 
the  lines  of  force  is  suddenly  changed  several  times  in  rapid 
succession  by  reversing  the  direction. of  the  magnetising 
current — the  iron  or  steel  in  the  core  becomes  heated,  whidi 
necessitates  a  certain  amount  of  energy  being  expended. 
This  effect  is  due  to  a  kind  of  internal  magnetic  frictum  by 
reason  of  which  the  rapid  changes  of  magnetism  cause  the 
iron  to  grow  hot.     This  effect  is  called  liysteresls. 

The  energy  expended  by  hysteresis  is  furnished  by  the 
force  which  causes  the  change  in  the  magnetism,  and  in 
the  case  of  an  electromagnet  where  the  magnetism  is 
reversed  by  the  magnetizing  current  being  reversed,  the 
energy  is  supplied  by  the  magnetizing  current. 

The  same  effect  is  produced  when  the  iron  of  the  arma- 
ture core  is  rapidly  rotated  in  the  constant  magnetic  field  of 
the  dynamo;  this  case  differs  from  the  electromagnet  only 
in  the  fact  that  the  magnetic  lines  of  force  remain  at  rest 
and  the  iron  core  is  made  to  rotate.  Since  the  core  is 
rotated  from  the  armature  shaft,  the  energy  lost  in  hysteresis 
is  furnished  by  the  force  which  drives  the  shaft. 

The  loss  of  enerf^^y  due  to  hysteresis  depends  (1)  upon  the 
hardness  and  quality  of  the  magnetic  substance  in  which 
the  magnetic  change  takes  place,  (2)  upon  the  amount  of 
metal  in  which  the  reversal  takes  place,  (3)  upon  the  num- 
ber of  complete  reversals  of  magnetism  per  second,  and  (4) 
upon  the  maximum  density  of  the  lines  of  force  in  the 
metal.  Building  the  core  of  iron  disks  does  not  affect  the 
hysteretic  loss;  it  only  reduces  the  eddy  currents.  Hys- 
teretic  loss  is  greatly  reduced  by  using  soft  annealed  iron, 
which  exhibits  only  slight  traces  of  residual  magnetism  ; 
for  where  the  residual  magnetism  is  large,  the  loss  due  to 
hysteresis   is   large    in   proportion.      The    hysteretic    loss 
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increases  in  a  certain  ratio  with  the  magnetic  density  and 
the  number  of  reversals  per  second;  hence,  these  quantities 
are  kept  within  reasonable  limits.  In  well-designed  dynamos 
the  magnetic  density  in  the  armature  rarely  exceeds  85,000 
lines  of  force  per  square  inch,  and  the  maximum  number  of 
complete  reversals  of  magnetism  in  the  armature  core  is 
about  133  per  second.  In  bipolar  dynamos  the  number  of 
complete  reversals  of  magnetism  in  the  armature  is  equal  to 
the  number  of  revolutions  per  second  at  which  the  arma- 
ture shaft  is  driven;  in  multipolar  machines  the  number  of 
reversals  is  equal  to  the  number  of  revolutions  of  the  arma- 
ture shaft  multiplied  by  the  number  of  pairs  of  poles.  For 
example,  if  the  armature  of  a  four-pole  dynamo  is  driven  at 
000  revolutions  per  minute,  or  10  revolutions  per  second,  the 
number  of  complete  reversals  of  magnetism  in  the  armature 
'core  is  10  X  2  =  20  per  second. 

In  a  well-designed  dynamo,  the  core  loss,  including  eddy 
currents  and  hysteresis,  should  not  exceed  "1%  of  its  input 
when  delivering  its  rated  output  from  the  brushes. 

66,  Field  liosses. — In  self-exciting  dynamos,  a  portion 
of  the  electrical  energy  generated  in  the  armature  is  rccjuircd 
to  excite  the  field  magnets.  This  energy  is  considered  as 
one  of  the  losses  of  the  dynamo,  since  it  does  not  appear  in 
the  external  circuit  and  it  is  entirely  dissipated  in  the  form 
of  heat. 

In  a  series-connected  dynamo,  where  the  total  current 
from  the  armature  passes  through  the  magnetizing  coils,  the 
power  in  watts  is  equal  to  the  square  of  the  current,  nuilti- 
plied  by  the  resistance  of  the  series  turns.  If,  then,  C  is  the 
total  current  from  the  armature,  r  is  the  total  resistance  of 
the  series  coils,  and  JFis  the  watts  lost  in  the  scries  coils, 
then,  fF=  C'r.  For  example,  suppose  that  a  series  dynamo 
generates  200  volts  between  its  terminals  when  a  current  of 
100  amperes  is  flowing  from  its  brushes  through  its  series 
coils  and  through  the  external  circuit.  The  total  output  of 
the  dynamo  is,  then,  100  X  200  —  20,000  watts.  If  the  total 
resistance  of  the  series    coils    is  .1  ohm,  then  the  number 
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of  watts  ( JV)  required  to  excite  the  field  magnets  =  Or 
=  100'  X  .1  =  100  X  100  X  .1  =  1,000  watts. 

67.  In  a  shunt  dynamo  which  generates  a  nearly  con- 
stant potential  for  limited  strengths  of  current  in  the  arma- 
ture, the  field  coils  usually  consist  of  a  large  number  of  turns 
of  fine  wire,  offering  a  high  resistance  compared  with  the 
field  coils  of  a  series  dynamo.  The  two  terminals  or  ends 
of  the  shunt  field  coils  are  connected  to  the  positive  and 
negative  brushes,  respectively,  of  the  dynamo  in  parallel 
with  the  external  circuit,  thereby  allowing  the  full  potential 
of  the  dynamo  to  act  against  the  resistance  of  the  coils. 
Then,  from  Ohm's  law,  the  current  in  the  shunt  coil  is  equal 
to  the  electromotive  force  of  the  brushes  divided  by  the 
resistance  of  the  coils.  Let  Ee  represent  the  difference  of 
potential  between  the  brushes  of  the  dynamo  when  running 
at  normal  speed  and  fully  excited,  let  r,  represent  the 
resistance  of  the  shunt  coils,  and  C,  represent  the  current 
in  the  shunt  coils.   Then,  from  Ohm's  law,  the  current  in  the 

shunt  coils  is  given  by  the  formula  C,  =  — ^.      For  example, 

suppose  that  a  shunt  dynamo,  when  running  at  a  constant 
speed,  generates  a  constant  difference  of  potential  of 
110  volts,  and  the  resistance  of  the  magnetizing  coils  from 
the  positive  connection  to  the  negative  connection  is  55  ohms; 
or  /i^  =110  volts  and  r,  =  55  ohms.  Then,  the  current  in 
the  shunt  coils  would  be  given  by  substituting  these  values 

in  the  al)ove  formula,  or  C^  =     '^  =  — r  =  2  amperes. 

^*         5d 

This  gives  the  strength  of  current  in  the  shunt  coils,  but 
does  not  indicate  the  amount  of  power  required  to  constantly 
excite  the  field  magnets.  The  power  in  watts  is  JF=  C E\ 
that  is,  it  is  equal  to  the  current  in  amperes  flowing  through 
the  shunt  coils  multiplied  by  the  difference  of  potential  in 
volts  between  the  terminals  of  the  shunt  coils.  We  have  found 
in  this  case  that  the  current  C—  2  amperes  and  theE.  M.  F. 
/i  =110  volts;  then,  /!'=:  t>  X  110  =  220  watts,  which  rep- 
resents the  power  required  to  excite  the  field  magnets. 
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All  other  conditions  being  similar,  the  same  number  of 
watts  will  be  dissipated  in  a  shunt  field  coil  as  in  a  series 
coil,  provided  an  equal  amount  of  magnetizing  force  is  pro- 
duced in  the  two  cases. 

68,  In  a  compound-wound  dynamo,  the  field  loss  con- 
sists of  two  losses,  one  in  the  series  coil  and  the  other  in  the 
shunt  coil.  The  loss  in  the  series  coil  depends  upon  the 
strength  of  current  flowing  from  the  dynamo,  as  in  the  case 
of  a  simple  series  dynamo,  while  the  loss  in  the  shunt  coil  is 
constant,  irrespective  of  the  load  on  the  machine;  provided, 
of  course,  the  dynamo  generates  a  constant  electromotive 
force  for  all  loads.  This  can  readily  be  understood  from  the 
following  example:  A  dynamo  is  compounded  to  generate 
220  volts  between  its  terminals  for  all  loads  up  to  its  rated 
capacity;  that  is,  when  the  current  from  the  armature 
becomes  stronger  and  the  difference  of  potential  between  the 
terminals  tends  to  fall,  the  current  in  passing  through  the 
series  coil  strengthens  the  field  magnets  sufficiently  to  keep 
a  difference  of  exactly  220  volts  between  the  terminals  of 
the  dynamo.  Assume  the  resistance  of  the  shunt  coil  to  be 
275  ohms  and  that  of  the  series  coil  to  be  .055  ohm.  At  a 
rated  output  of  4,400  watts,  the  current  flowing  through 
the  series  coil  and  into  the  external  circuit  is  W,"  =  '-^0  am- 
peres (assuming  the  connections  are  made  for  a  short  shunt). 

At  all  loads  the  current  in  the  shunt  coil  is  (^  „  =     '  =  •  ^  ^ 

=  .8  ampere,  and  the  loss  of  power  in  the  shunt  coil  is  ]\\ 
=  -f^  X  C,  =  220  X  .8  =  170  watts;  even  when  the  external 
circuit  is  open  the  loss  in  the  shunt  coil  remains  constant,  or 
176  watts  in  this  particular  case.  The  loss  in  the  series  coil, 
however,  varies  directly  with  the  square  of  the  current  pass- 
ing through  it.  In  this  example,  the  loss  in  the  series  coil 
is  W^=  C  X  r  =  20'  X  .055  =  22  watts;  at  half  load,  or 
10  amperes,  the  loss  is  W=  10'  X  .055  =  5.5  watts,  etc. ;  at 
no  load  there  is  no  current  in  the  series  coil,  and,  conse- 
quently, no  loss.  The  total  field  loss  in  a  compound  dynamo 
is  the  sum  of  the  losses  in  the  series  and  shunt  coils.     For 
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instance,  in  this  example,  the  total  field  loss  at  full  load  is 
198  watts ;  at  half  load,  181.5  watts,  and  at  no  load,  176  watts. 

69.  The  amount  of  power  lost  or  dissipated  in  the  field 
coils  of  a  dynamo  depends  (1)  upon  the  capacity  of  the 
dynamo,  (2)  upon  its  design,  and  (3)  upon  the  amount  of 
copper  used  in  the  coils.  In  the  last  condition  it  is  obvious 
that  in  order  to  produce  a  certain  number  of  ampcrc-turns^ 
the  current  in  amperes  required  could  be  made  exceedingly 
small  by  using  a  large  number  of  turns  of  copper  wire, 
thereby  reducing  the  electrical  loss.  A  limit  is  reached, 
however,  where  it  is  not  economical  from  a  commercial 
standpoint  to  increase  the  amount  of  copi>er  in  order  to  save 
in  electrical  loss. 

The  per  cent,  loss  in  the  field  coils  of  dynamos  varies 
from  about  lO'^  of  the  input  to  dynamos  having  an  output 
of  about  1,000  watts  to  as  low  as  1.5;^  to  2;^  of  the  input  to 
dynamos  having  an  output  of  100,000  watts  and  upwards. 
For  example,  suppose  that  the  input  to  a  dynamo  from  an 
engine  was  100  horsepower  and  the  loss  in  the  field  coils 
was  'l.7yi.  Under  these  conditions,  how  many  watts  are 
l<»sl  or  dissipated  in  the  field  coils?  Changing  the  input 
from  horsei)o\ver  to  watts  gives  100x740  =  74,000  watts, 
since  1  liorse[)o\ver  is  ecjuivalent  to  74G  watts.  Hence,  the 
number  of  watts  lost  in  the  field  coils  is  74,000  X  .0*25 
—  l.sc")  watts. 

7(),  Arinatiirc^  I^osst^s. — The  principal  armature  loss  is 
that  [)rodiiced  by  the  current  in  flowing  against  the  internal 
resistance  of  the  armature,  that  is,  the  resistance  of  the 
armature  Ci^ndnctors.  The  corr  losses  previously  descriljed 
could  also  be  classed  as  j)art  of  the  armature  losses,  but  it  is 
usual  to  consider  them  apart.  The  armature  loss  proper  is 
usually  termed  the  t*<)i)i)or,  or  ^vlit%  loss,  since  it  is  due  to 
the  resistance  of  the  armature  condtictors,  which  are  com- 
j)osed  of  copj)er  wire  or  bars.  The  internal  resistance  of  an 
armature  is  an  exceedingly  variable  quantity,  depending 
ti[)on  the  form,  construction,  size,  ntunber  of  conductors, 
size  of   conductors,    etc.     In    constant-potential    dynamos, 
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generally  speaking,  the  internal  resistance  of  the  armature 
must  necessarily  be  comparatively  small,  since  it  determines 
the  maximum  strength  of  current  that  can  be  obtained  from 
the  dynamo,  as  will  be  seen  subsequently. 

The  armature  loss  depends  upon  the  amount  of  internal 
resistance  and  upon  the  strength  of  current  flowing  through 
the  armature  conductors.  In  a  given  armature  the  internal 
resistance  remains  constant  at  equal  temperatures,  while  the 
strength  of  current  varies  with  the  load  upon  the  dynamo  at 
that  particular  moment;  in  other  words,  this  loss  only 
occurs  when  there  is  a  current  flowing  through  the  arma- 
ture— the  stronger  the  current,  the  greater  is  the  loss,  and 
vice  versa.  As  previously  shown,  in  all  cases  where  an  electric 
current  flows  against  the  resistance  of  a  conductor,  the  loss 
of  power  in  watts  is  equal  to  the  resistance  of  the  conductor 
in  ohms  multiplied  by  the  square  of  the  current  in  amperes; 
hence,  in  an  armature  the  number  of  watts  lost  in  the  arma- 
ture conductors  is  equal  to  the  square  of  the  current  in 
amperes  flowing  through  the  armature  multiplied  by  the 
internal  resistance  in  ohms  of  the  armature  from  the  positive 
to  the  negative  brush.  If  (~  represents  the  total  current  in 
amperes  flowing  through  the  armature  and  r,  the  internal 
resistance  in  ohms  from  the  positive  to  the  negative  brush, 
then  ]V,  =  r*  r„  where  W,  is  the  number  of  watts  lost  in  the 
armature  conductors.  From  this  fact,  this  armature  loss  is 
also  designated  as  the  C  r  loss.  For  example,  suppose  that 
the  internal  resistance  of  an  armature  from  brush  to  brush  is 
.185  ohm,  and  a  total  current  of  40  amperes  is  flowing 
through  the  armature.  Determine  the  number  of  watts  lost 
in  the  armature.  Let  C=  40  amperes  and  r,—  .12o  ohm; 
then,   lV,=C'r,=  4(Vx  .125  =  300  watts. 

The  per  cent,  loss  in  armatures  of  constant-potential 
dynamos  varies  from  about  13;^  of  the  input  to  dynamos 
having  a  rated  capa-city  of  about  1,000  watts  to  as  low  as 
I.6;<  to  i^  of  the  input  to  dynamos  having  a  rated 
of  about  100,000  watts  and  upwards.  For  example,  suppose 
that  a  dynamo  was  working  under  a  load  which 
60  horsepower  to  run   it,  and,  at   this   rating,  the   armature 
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losa  alone  amounted  to  S%  ot  the  input ;  determine  the  num- 
ber of  watts  dissipated  or  lost  in  the  armature  conductors. 
ChaJJgJJ^S'  th^  input  from  Lorsepower  to  n-atts  gives  50  x  Tifi 
=  37,300  watts,  since  740  watts  are  equal  to  1  horsepower. 
The  armature  C'r  loss  is  therefore  Sjt  of  the  inpat,  or 
87,800  X  .03  =  1,11»  watts. 

71.  Other  liOSBes.— Aside  from  the  four  {uindpol 
losses  mentioned,  other  small  losses  occur  in  some  machines 
when  the  armature  is  revolving.  If  lar^  conductors  are 
used  in  the  winding  of  the  armatures,  a  difference  oi  potes- 
tial  is  sometimes  generated  between  the  edges  of  the  con- 
ductor in  such  a  manner  as  to  give  rise  to  small  eddy  ot 
local  currents  in  the  conductors  themselves,  and  which  do 
not  appear  in  the  external  circuit  and  are  useless.  In  some 
cases  these  local  currents  dissipate  considerable  energy  and 
heat  the  armature  badly  when  the  machine  is  not  loaded; 
but  in  a  well-designed  dynamo  they  are  too  small  to  be  con- 
sidered. 

In  an  armature  in  which  the  conductors  are  wound  in 
slots  cut  in  the  core  disks,  the  teeth  between  the  slots  have 
a  tendency  to  disturb  the  position  of  the  lines  of  force  where 
they  enter  and  leave  the  polar  faces.  This  movement  causes 
local  or  eddy  currents  to  be  generated  in  the  pole  pieces, 
thereby  dissipating  a  certain  amount  of  energy.  These 
eddy  currents  in  the  pole  pieces  are  sometimes  termed 
Foucault  currents,  in  memory  of  the  man  who  first  recog- 
nized their  existence.  In  order  to  prevent  these  Foucault 
currents,  the  pole  pieces  of  machines  having  toothed  arma- 
tures are  frequently  laminated.  Other  local  currents  may 
occur  in  various  parts  of  some  dynamos  on  account  of  bad 
design,  but  it  is  only  necessary  here  to  treat  specifically 
upon  such  losses  as  are  common  to  all  dynamos  and  impos- 
sible to  eliminate, 

73.  From  the  four  previous  articles,  the  following  sum- 
mary will  be  a  help  to  establish  the  rules  of  efficiency  and 
losses: 


THE  OUTPITT  OF   CONSTANT-POTENTIAL 
DYNAMOS. 

73.  If  a  dynamo  is  so  constructed  as  to  give  a  constant 
potential  al  any  load,  it  is  evident  that  the  current  flowing 
is  inversely  proportional  to  the  resistance  of  the  external 
circuit;  that  is,  if  the  external  resistance  is  reduced,  the 
amount  of  current  will  be  correspondingly  increased.  There 
is  a  limit,  however,  to  the  amount  of  current  that  any  given 
machine  can  give  out.  depending  on  one  (or  both)  of  two 
factors;  namely,  the  heating;  and  the  spurkLng. 

The  heat  that  is  being  continually  generated  in  the  arma- 
ture and  field  coils  of  a  dynamo  when  working  under  load, 
due  both  to  the  C  r  loss  and  the  core  loss,  is  given  off  from 
the  surface  of  the  armature  and  of  the  whole  machine  to  the 
surrounding  air.  This  giving  off  of  heat  can  only  occur 
when  the  dynamo  is  hotter  than  the  air,  for  if  two  bodies 
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75.  As  an  armature  must  be  a  certain  number  of  degrees 
hotter  than  the  air  in  order  to  give  off  the  heat  generated, 
it  is  evident  that  if  the  air  itself  were  originally  of  a  high 
temperature,  the  armature  would  actually  have  a  higher 
temperature  when  giving  off  a  certain  amount  of  heat  than 
if  the  air  were  cooler;  that  is.  for  a  certain  amount  of  heat 
generated,  the  temperature  of  the  armature  will  rise  to  a  cer- 
tain number  of  degrees  above  the  temperature  of  the  air.  The 
average  temperature  of  the  air  in  places  where  dynamos  are 
installed  is  often  as  high  as  90°  F. .  so  the  allowable  rise  in 
temperature  of  the  armature  above  that  of  the  air  is  about 
170  —  BO  =  80°  F.,  and  dynamos  are  usually  rated  according 
to  this  rise  in  temperature. 

As  still  air  is  a  very  poor  conductor  of  heat,  most  of  the 
heat  given  off  to  it  is  carried  away  by  the  motion  of  the  air; 
this  motion  is  partly  due  to  the  air-currents  set  up  by  the  rise 
of  the  heated  air  and  the  flowing  in  of  the  cooler  air  to  take 
its  place,  but  mainly  to  the  air-currents  set  up  by  the  motion 
of  the  armature  itself.  This  latter  effect  is  usually  greater 
in  ring  than  drum  armatures,  due  to  the  more  open  construc- 
tion of  the  former  and  to  the  fan  action  of  the  spider  arms. 

The  heat  generated  in  the  field  coils  is  disposed  of  in  the 
same  way  as  that  of  the  armature;  that  is,  it  is  given  off 
to  the  surrounding  air.  The  rise  in  temperature  of  the  field 
coils  is  subject  to  the  same  limitations  as  the  rise  of  the 
armature;  i,  e.,  it  is  usually  limited  to  about  80°  F.  above 
the  temperature  of  the  air. 


76.  By  the  sparking  of  a  dynamo  is  meant  the  sparks 
which  appear  at  the  brushes,  due  to  the  rci'ersal  of  the  cur- 
rent in  the  armature  coils.  If  the  commutator  is  out  of 
true  OT  has  one  segment  higher  or  lower  than  the  others, 
or  from  other  similar  causes,  there  will  be  flashes  or  sparks 
at  the  brushes;  but  these  are  merely  mechanieal  faults  which 
can  be  easily  remedied,  and  this  is  not  what  is  meant  by 
sparking.  Referring  to  Fig.  28,  it  will  be  seen  that  in  the 
armature  coil  a' p p',  when  in  the  position  shown,  the  general 
lion  o£  the  current  is  from  right  to  left;  but  as  soon  as 
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so  nearly  counterbalance  the  E,  M.  F.  of  self-induction  that 
the  sparking  will  be  slight  at  different  loads. 


77.  It  has  been  shown  that  the  current  in  the  armature 
winding  reacts  upon  the  magnetic  field,  forcing  the  actual 
neutral  point  ahead  (in  the  direction  of  rotation).  Now,  if  the 
brushes  are  moved  ahead  of  this  neutral  point  to  avoid  spark- 
ing, the  effect  is  to  move  the  consequent  poles  (due  to  the 
current  circulating  in  the  armature  winding)  also  ahead, 
which  shifts  the  neutral  point  still  farther  ahead,  which 
requires  a  further  slight  shifting  of  the  brushes.  As  long  as 
the  field  due  to  the  magnetizing  coils  is  much  stronger  than 
the  reactive  effect  of  the  armature,  this  action  is  slight,  so 
that  only  a  slight  shifting  of  the  brushes  is  necessary  for 
practically  sparkiess  operation.  As  the  current  in  the  arma- 
ture increases,  its  reactive  effect  grows  stronger,  and  a 
movement  of  the  brushes  is  followed  by  a  considerable  move- 
ment of  the  neutral  plane.  Indeed,  if  the  current  in  the 
armature  is  strong  enough,  the  brushes  may  be  shifted  more 
than  half  way  around  the  commutator  without  coming  to  the 
sparkiess  position.  There  is,  therefore,  a  limit  to  the 
amount  of  current  which  can  be  taken  from  an  armature 
(aside  from  its  heating  limit),  which  is  reached  when  any 
further  amount  of  shifting  of  the  brushes  will  not  afford 
sparkiess  commutation. 

This  amount  of  shifting  is  generally  confined  to  the  space 
between  the  tips  of  the  pole  pieces;  that  is,  the  brushes  may 
be  shifted  until  the  coil  short-circuited  by  a  brush  is  at  or 
just  under  the  tip  of  a  pole  piece. 

In  dynamos  of  good  design,  the  heating  limit  and  sparking 
limit  are  reached  with  about  the  same  current;  that  is,  a 
current  which  will  raise  the  temperature  of  the  armature 
above  that  of  the  air  by  the  amount  decided  upon  as  a  limit 
will  also  necessitate  the  brushes  being  shifted  to  the  maxi- 
mum allowable  extent.  In  some  modern  railway  generators, 
the  output  is  limited  more  by  the  heating  than  by  the 
sparking.  Such  machines  may  stand  a  50  per  cent,  overload 
lit  excessive  sparking.    Moreover,  by  careful  designing 
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short-circuited  coil  in  a  field  which  will  generate  an  E,  M.  F. 
equal  to  the  E.  M.  F.  of  self-induction,  since  the  absence  of 
sparking  depends'mainly  on  this  point.  With  carbon  brushes 
the  absence  of  sparking  depends  both  on  generating  an 
B.  M.  F.  in  the  coil  and  on  the  contact  resistance  of  the  brush. 
On  account  of  the  increased  resistance  of  contact,  carbon 
brushes  require  less  shifting  for  variations  in  load  than  dn 
metallic  brushes,  and  are  generally  used  on  machines  where 
the  variations  in  load  are  so  frequent  and  extensive  that  a 
great  deal  of  time  would  be  spent  in  shifting  the  brushes,  if 
this  had  to  be  done  for  every  change  in  the  load. 

79.  If  the  brushes  are  shifted  so  far  forwards  that  the 
E.  M.  F.  generated  in  the  short-circuited  coil  is  greater  than 
the  E,  M.  F.  of  self-induction,  not  only  will  the  latter  be 
neutralized,  but  a  current  will  be  sent  around  the  coil 
through  the  commutator  bars  and  the  brush  which  short- 
circuits  the  coil.  If  this  current  is  greater  than  the  current 
which  one-half  of  the  armature  is  supplying  to  the  external 
circuit,  it  is  evident  that  when  the  short -circuited  coil  moves 
over  and  becomes  a  part  of  that  half  of  the  armature,  its 
current  will  be  reduced ;  this  reduction  is  opposed  by  the 
self-induction  of  the  coil,  as  before,  and  sparking  results. 
Since  the  circuit  of  the  short-circuited  coil  is  partly  through 
the  brush  and  its  contact  with  the  commutator  bars,  it  is 
evident  that  with  metallic  brushes  of  low  resistance  the  lia- 
bility of  the  current  in  this  coil  becoming  excessive  is  greater 
than  with  carbon  brushes  of  (comparatively)  high  resistance. 
For  the  reason,  therefore,  that  they  are  of  higher  resistance, 
carbon  brushes  will  spark  less  than  metallic  brushes  under 
the  same  conditions. 


DIBECT-CUERENT  MOTORS. 

80.     It  has  already  been  explained  that  a  conductor 
ing  current    at  right  angles  to  a  magnetic   field 
across  the  field.     This  is,  in  brief,  the  principle  on  w 
electric  motor   operates.     If   we   take   an   ordinary 
jDt  dynamo  and,  instead  of  driving  it  from  some 
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source  of  power  and  making  it  generate  an  E.  M.  F.,  we 
supply  it  with  current  from  some  outside  source,  say  another 
dynamo,  the  machine  will  run  as  a  motor  and  deliver  power 
at  its  pulley.  A  direct-cnrrent  motor,  then,  is  the  same  as  a 
dynamo,  so  far  as  its  construction  goes.  The  difference 
between  a  dynamo  and  a  motor  has  more  to  do  with  the  way 
in  which  the  machines  are  used  than  with  any  radical  differ- 
ence in  their  construction.  At  one  time  it  was  thought 
that  motors  should  be  constructed  different  from  dynamos,  but 
it  is  now  known  that  the  machine  that  makes  a  good  dynamo 
will  nearly  always  make  a  good  motor.  Of  course,  motors 
often  differ  considerably  from  dynamos  in  their  mechanical 
details,  because  motors  must  often  be  adapted  to  special 
work  for  which  the  ordinary  mechanical  construction  of  a 
dynamo  would  be  unsuitable.  For  example,  railway  motors 
must  stand  all  sorts  of  abuse,  and  hence  must  be  enclosed  as 
much  as  possible.  As  regards  their  electrical  features, 
however,  direct-current  dynamos  and  motors  are  the  same; 
when  a  machine  is  used  as  a  dynamo,  it  is  supplied  with 
power  and  it  converts  this  power  into  electrical  energy; 
when  it  is  used  as  a  motor,  it  is  supplied  with  power  in  the 
shape  of  an  electric  current,  the  reaction  between  the 
current  in  the  armature  conductors  and  the  magnetic  field 
set  up  by  the  field  magnets  forces  the  armature  to  revolve, 
and  the  machine,  therefore,  converts  the  electrical  energy 
supplied  at  the  brushes  into  mechanical  energy  delivered  al 
the  pulley. 


^^^  shunt  cc 


CT^SSES  OF  MOTORS. 
81,  Motors,  like  dynamos,  may  be  divided  into  several 
classes  according  to  the  nnethod  used  for  exciting  their  field 
magnets.  We  may  then  class  them  as  series-wound,  shunt- 
wound,  compound-wound.  The  last  class  may  be  subdivided 
mtodifferetttially  wound  3.r\&accu)>nilalii>cly  wound,acQor^\ai 
as  the  series  field  coils  are  connected  so  as  to  oppose  or  aid  the 
shunt  coils.     Nearly  all  motors  in  common  use  are  operated 
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at  constant  potential,  and  we  will  confine  our  remarks  here 
to  motors  that  are  so  operated. 

82.  Slmnt-Wound  Motors. — Shunt-wound  motors  are 
very  extensively  used  for  stationary-  work  for  operating  all 
classes  of  machinery  where  a  fairly  constant  SJx^ed  is 
required.  A  constant-potential  shunt- wound  motor  is  the 
same  as  regards  construction  as  the  corresponding  shunt- 
wound  dynamo.  When  supplied  with  a  constant  pressure, 
it  will  run  at  nearly  constant  speed,  no  matter  what  may  be 
the  load,  up  to  the  limit  of  the  machine.  The  speed  drops 
off  slightly  with  an  increase  of  load,  but  the  falling  off  is 
slight  if  the  motor  is  well  designed.  A  shunt-wound  motor 
will  give  a  good  starting  effort  if  the  field  is  fully  excited 
before  the  current  is  allowed  to  pass  through  the  armature. 
For  stationary  work,  the  shunt-wound  motor  is  the  one  most 
largely  used. 

83.  Series-Woiuid  Motors. — These  motors  are  used  most 
largely  for  work  when  a  wide  variation  in  speed  is  desired, 
where  the  motor  is  to  be  started  and  stopped  frequently,  and 
where  a  strong  starting  effort  is  needed.  For  these  reasons 
they  are  used  on  street  railways  and  for  traction  work 
generally,  for  hoists,  electric  cranes,  and  in  some  cases  for 
pumps  and  similar  machinery.  Thousands  of  series-wound, 
direct-current  motors  are  in  use  for  operating  street  cars  alone. 
Since  the  field  is  in  series  with  the  armature,  the  strength  of 
the  field  depends  on  the  current  flowing  through  the  motor. 
If  at  starting  a  large  current  is  allowed  to  flow,  the  field  is 
made  very  strong,  and  as  the  current  in  the  armature  is  also 
very  large,  a  powerful  starting  effort  is  the  result.  This  is  a 
valuable  feature  if  the  motor  is  to  be  used  for  traction  or 
hoisting  work.  The  speed  of  a  constant-potential  series 
motor  varies  widely  if  the  load  on  it  is  varied,  because 
every  change  in  load  produces  a  corresponding  change  in 
the  field  strength.  If  the  load  is  thrown  off  entirely,  the 
motor  will  race,  and  may  reach  a  speed  high  enough  to 
injure  itself. 
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84.  Co mponnd- Wound  Motors. — These  motors  are  not 
rgely  used,  compared  with  the  other  two  classes.  They 
are  used  mostly  for  special  purposes,  such  as  operating 
printing  presses,  looms,  etc.  When  a  speed  that  is  very 
nearly  constant  under  all  loads  is  required,  the  differentially 
wound  motor  is  used.  When  a  motor  is  required  that  will 
have  a  fairly  good  starting  effort  combined  with  the  property 
of  approximately  constant  speed,  the  accumulatively  wound 
motor  is  employed.  In  this  motor  the  series  coils  aid  the 
shunt  coils,  and  when  starting,  the  heavy  current  through 
the  series  coils  strengthens  the  field,  and  thus  gives  a  strong 
starting  effort,  or  torque,  as  it  is  called. 
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QUESTIONS   AND   EXAMPLES 

Relating   to  the   Subjects 
Treated  op  in  this  Volume. 


It  will  be  noticed  that  the  Examination  Questions  that 
follow  have  been  divided  into  sections,  which  have  been 
given  the  same  numbers  as  the  Instruction  Papers  to  which 
they  refer.  No  attempt  should  be  made  to  answer  any  of 
the  questions  or  to  solve  any  of  the  examples  until  that 
portion  of  the  text  having  the  same  section  number  as  the 
section  in  which  the  questions  or  examples  occur  has  been 
carefully  studied. 
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ARITHMETIC. 

(PART  1.) 


EXAMEN^ATION  QUESTIONS. 

(1)  What  is  arithmetic  ? 

(2)  What  is  a  number  ? 

(3)  What  is  the  difference  between  a  concrete  number 
and  an  abstract  number  ? 

(4)  Define  notation  and  numeration. 

(5)  Write  each  of  the  following  numbers  in  words:  980; 
605;  28,284;  9,006,042;  850,317,002;  700,004. 

(6)  Represent  in  figures  the  following  expressions: 

Seven  thousand  six  hundred.  Eighty-one  thousand  four 
hundred  two.  Five  million  four  thousand  seven.  One 
hundred  eight  million  ten  thousand  one.  Eighteen  million 
six.     Thirty  thousand  ten. 

(7)  What  is  the  sum  of  3,290,  504,  865,403,  2,074,  81, 
and  7?  Ans.   871,359. 

(8)  709  +  8,304,725  +  391  +  100,302  +  300  +  909 
=  what?  Ans.  8,407,336. 

(9)  During  a  12-hour  test  of  a  steam  engine  the  counter 
showed  the  number  of  revolutions  per  hour  to  have  been  as 
follows:  12,600,  12,444,  12,467,  12,528,  12,468,  12,590, 
12,610,  12,589,  12,576,  12,558,  12,546,  12,532.  How  many 
revolutions  were  made  during  the  test  ?     Ans.   150,508  rev. 

§1 
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(10)  Find  the  difference  between  the  following:  (a) 
SO.Mi  nod  3.338;  (*)  10,001  and  15,339. 

^^j(«)     47.6H 

■^^  I  (*)     5.3.18. 

I        (U)     (tf)    70.968  -  3«.97S  =  ?      (*)    100.000-98,736=? 

(12)  On  a  certain  morning  T.a-tO  gallons  of  water  were 
drawn  from  an  engine-room  tank  and  4,780  gallons  were 
pumped  in.  In  the  afternoon  7,633  gallons  were  drawn  out 
and  rS.fiiS  gallons  pumped  in.  How  many  gallons  remained 
in  the  tank  at  night,  if  it  contained  3,040  gallons  at  the  begin- 
ning of  the  day  ?  Ans.    I,fi22  glL 

(13)  Find  the  prwluct  of  the  following:  (a)  526,387x7! 
(*)  J00.2&8  X  17;  (c)  217  X  103  x  67. 

I  ia)     3,fl84,70S. 

Ana.  J  (<5)     11,805,066. 

(  (f)      1,49?,S17. 

(14)  If  your  watch  ticks  once  every  second,  how  many 
times  will  it  tick  in  one  week  ?  Ans.  604,800. 

(15)  An  engine  and  boiler  in  a  manufactory  are  worth 
#3,246.  The  building  is  worth  three  times  as  much,  plus 
tl,200,  and  the  tools  are  worth  twice  as  much  as  the  build- 
ing, plus  $1,875.  (a)  What  is  the  value  of  the  building  and 
tools  ?     (^)  What  is  the  value  of  the  whole  plant  ? 

(16)  Divide  the  following: 

(ii)  962,842  by  84;  {6)  39,728  by  63;  {c)  29,714  by  108; 
(./)  406,089  by  135.  f  («)     11,462.4047. 


Ans. 


1  (") 

Iburned 


I  (*)  630.603. 
I  (c)  276.1296. 
[  (<^)   3,008.0666 


(17)     Suppose   that   in   1    hour   10   pounds  of    coal    are 
lurned  per  square  foot  of  grate  area  in  a  certain  boiler, 
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and  that  9  pounds  of  water  are  evaporated  per  pound  of 
coal  burned.  If  the  grate  area  is  30  square  feet,  how  many 
pounds  of  water  would  be  evaporated  in  a  day  of  10  hours  ? 

Ans.   27,000  lb. 

(18)  If  a  mechanic  receives  $1,500  a  year  for  his  labor 
and  his  expenses  are  $968  per  year,  in  what  time  can  he 
save  enough  to  buy  28  acres  of  land  at  $133  an  acre  ? 

Ans.  7  years. 

(19)  Solve  the  following  by  cancelation : 
(a)   (72  X  48  x'28  X  5)  -r-  (84  X  15  X  7  X  G). 

(i)  (80  X  60  X  50  X  16  X  14)  -r-  (70  X  50  X  24  X  20). 

Ans   \  (^^     ^*- 
^''^'  1  {d)     32. 

*  (20)  A  freight  train  ran  365  miles  in  one  week,  and 
3  times  as  far,  lacking  246  miles,  the  next  week ;  how  far 
did  it  run  the  second  week  ?  Ans.   849  miles. 

(21)  If  the  driving  wheel  of  a  locomotive  is  16  feet  in 
circumference,  how  many  revolutions  will  it  make  in  going 
from  Philadelphia  to  Pittsburg,  the  distance  between  them 
being  354  miles,  and  there  being  5,280  feet  in  1  mile  ? 

Ans.   116,820  rev. 


ARITHMETIC 

(PART  2.) 


EXAMINATION   QUESTIONS. 

(1)  What  is  a  fraction  ? 

(2)  What  are  the  terms  of  a  fraction  ? 

(3)  What  does  the  denominator  show  ? 

(4)  What  does  the  numerator  show  ? 

(5)  Is  ^  a  proper  or  an  improper  fraction,  and  why  ? 

(6)  Write  three  mixed  numbers. 

(7)  Reduce  the  following  fractions  to  their  lowest  terms: 
♦.  tV»  A»  if-  Ans.  i,  i,  i,  i. 

(8)  Reduce  6  to  an  improper  fraction  whose  denomi- 
nator is  4.  Ans.  ^. 

(9)  Reduce  7|,  13A->  ^i^^  l^i  ^^  improper  fractions. 

Ans.  ^,  W,  ^. 

(10)  How  many  feet  does  the  piston  of  a  steam  engine 
pass  over  in  a  week  of  6  days,  running  S^  hours  a  day,  if 
the  length  of  the  stroke  of  the  engine  is  1^  feet  and  the 
number  of  revolutions  per  minute  is  160  ? 

Ans.  1,468,800  ft. 

(11)  i  +  |  +  |=?  Ans.  1. 

(12)  l  +  t  +  TV=?  Ans.  H. 

(13)  42  +  31f  +  9tV  =  ?  Ans.  83^^. 

§1 
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(14)  An  iron  plate  is  divided  into  four  sections ;  the  first 
contains  29|  square  inches;  the  second,  50f  square  inches; 
the  third,  41  square  inches;  and  the  fourth,  69fV  square 
inches.     How  many  square  inches  are  in  the  plate  ? 

Ans.   190^  sq.  in. 

(15)  What  is  the  difference  between  land  ^Sj.  ?  13  and  7^^? 
312VV  and  229VV  ?  Ans.  ^;  6-^;  83i|. 

(16)  Solve  the  following: 

(a)  35  -  tV;    (*)  tV-  3;    (r)   V  -5-  »;    (^) 
{e)  15J-5-4f. 


Ans. 


w- 

i-     7   . 

{") 

112.           "** 

(*) 

A. 

w 

H. 

(d) 

3i          "^^ 

e  value  o^^:^^/ 

Ans 

>.     32.^,^^  n 

(17)  The  numerator  of  a  fraction  is  28  and  the  value  o^ 
the  fraction  is  -J ;  what  is  the  denominator  ? 

(18)  Four  bolts  are  required,  2^,  6|,  3^,  and  4  inchea* 
long.     How  long  a  piece  of  iron  will  be  required  from  whic^ 
to  cut  them,  allowing  -^j  of  an  inch  to  each  bolt  for  cutting 
off  and  finishing  ?  Ans.  18^^  i 


y 


ARITHMETIC. 


(PART  8.) 


h  h  A,  iftAr,  and  .f^. 


EXAMINATION  QUESTIONS. 

(1)  State  the  difference  between  a  common  fraction  and 
a  decimal  fraction. 

(2)  Reduce  the  following  fractions  to  equivalent  decimals : 

'  .5. 

.875. 
Ans.  ^   .15625. 
.65. 
.125. 

(3)  Write  out  in  words  the  following  numbers:  .08,  .131, 
.0001,  .000027,  .0108,  and  93.0101. 

(4)  What  is  the  sum  of  .125,    .7,    .089,   .4005,   .9,    and 
.000027?  Ans.  2.214527. 

(5)  Add  17  thousandths,  2  tenths,  and  47  millionths. 

Ans.   .217047. 

(6)  Work  out  the  following  examples : 

(a)     709.63 -.8514;    (*)  81.963-1.7;    {c)  18 -.18;   {(/) 
1  -  .001;    (e)  872.1  -  (.8721  +  .008);     (/)    (5.028  +  .0073) 


-  (6.704-2.38). 


Ans. 


§1 


'  (a)  708.7786. 

(d)  80.263. 
(c)  17.82. 
(c/)  .999. 

(e)  871.2199. 
I  (/)  .7113. 
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(7)  The  cost  of  the  coal  consumed  under  a  nest  of  steam 
boilers  during^  a  week's  run  was  as  follows:  Monday,  $15.83; 
Tuesday,  $14.70;  Wednesday,  $14.28;  Thursday,  $13.87; 
Friday,  $14.98;  Saturday,  $12.65.  What  was  the  cost  of 
the  week's  supply  of  coal  ?  Ans.  $86.31. 

(8)  It  is  desired  to  increase  the  capacity  of  an  electric- 
light  plant  to  1,500  horsepower  by  adding  a  new  engine.  If 
the  indicated  horsepower  of  the  engines  already  in  use 
is  482|,  316^^,  and  390},  what  power  must  the  new  engine 
develop  ?  Ans.  310.11}  H.  P. 

(9)  The  inside  diameter  of  a  6-inch  steam  pipe  is  6.06 
inches,  and  the  outside  diameter  is  6.62  inches.  How  thick 
is  the  pipe  ?  Ans.  .28  in. 

(10)  Find  the  products  of  the  following  expressions: 
(a)  .013  X. 107;  (*)  203  X  2.08  X  .203;  (c)  (2.7x31.85) 
X  (3.16  -  .316) ;  {d)  (107.8  +  6.541  -  81.96)  X  1.742. 

{a)  .001391. 

.         .    (*)  83.65427. 

^^'  ^    (c)  244.56978. 

(V)  143.507702. 

(11)  How  many  square  feet  of  heating  surface  are  in  the 
tubes  of  a  boiler  having  sixty  3-inch  tubes,  each  15^^  feet 
long,  if  the  heating  surface  of  each  tube  per  foot  in  length  is 
.728  square  foot  ?  Ans.  677.04  sq.  ft. 

(12)  Find  the  values  of  the  following  expressions: 

(a)    1.    (b)   il.    (c)    ^'^^^  X  20  X  3  f  {a)     37*. 

W    ^'    W    I'    y^         87  +  88      •       Ans.  ^   (*)     .75. 


459  +  32  L  (r)      210f . 

(13)  The  distance  around  a  cylindrical  boiler  is  166.85 
inches.  If  there  are  72  rivets  in  one  of  the  circular  seams, 
find  what  the  pitch  (distance  between  the  centers  of  any  two 
rivets)  of  the  rivets  is.  Ans.  2.317+ in. 

(14)  A  keg  of  y  X  2f '  boiler  rivets  weighs  100  pounds 
and  contains  133  rivets.     What  is  the  weight  of  each  rivet  ? 

Ans.  .75+ lb. 
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(15)  How  many  inches  in  .875  of  a  foot  ?       Ans.  10^  in. 

(16)  What  decimal  part  of  a  foot  is  ^  inch  ? 

Ans.    .015625  ft. 

(17)  In  a  steam-engine  test  of  an  hour's  duration,  the 
horsepower  developed  was  found  to  be  as  follows  at  10-min- 
ute  intervals:  48.63,  45.7,  46.32,  47.9,  48.74,  48.38,  48.59. 
What  was  the  average  horsepower  ?  Ans.  47.75+  H.  P. 


ARITHMETIC. 

(PART  4.) 


EXAMINATIOIf  QUESTIOI^^S. 

(1)  What  is  25^  of  8,428  lb.?  Ans.   2,107  1b. 

(2)  What  is  i^  of  $35,000  ?  Ans.  $175. 

(3)  What  per  cent,  of  50  is  2  ?  Ans.  4j^. 

(4)  What  per  cent,  of  10  is  10  ?  Ans.   100^. 

(5)  The  coal  consumption  of  a  steam  plant  is  5,500  lb.  per 
day  when  the  condenser  is  not  running,  or  an  increase  of 
15^^  over  the  consumption  when  the  condenser  is  used.  How 
many  pounds  are  used  per  day  when  the  condenser  is  run- 
ning ?  Ans.  4,782.61  lb. 

(6)  An  engineer  receives  a  salary  of  $950.  He  pays  24j^ 
of  it  for  board,  12^j^  of  it  for  clothing,  and  17^^  of  it  for 
other  expenses.     How  much  of  it  does  he  save  a  year  ? 

Ans.   $441.75. 

(7)  If  37^J<  of  a  number  is  961.38,  what  is  the  number  ? 

Ans.   2,563.68. 

(8)  The  speed  of  an  engine  running  unloaded  was  l^j^ 
greater  than  when  running  loaded.  If  it  made  298  revolu- 
tions per  minute  with  the  load,  what  was  its  speed  running 
unloaded  ?  Ans.   302.47  rev.  per  min. 

(9)  Reduce  4  yd.  2  ft.  10  in.  to  inches.  Ans.   178  in. 

For  notice  of  copyright,  see  page  immediately  following  the  title  page. 
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ARITHMETIC. 

(PART  5.) 


EXAMINATIOIf  QUESTIONS. 

(1)  What  is  the  square  of  108  ?  Ans.  11,664. 

(2)  What  is  the  cube  of  181.25  ? 

Ans.  5,954,345.703125. 

(3)  Find  the  values  of  the  following:  (a)  .0133*;  (*) 
SOl.Oir;  {c)  HY;  {d)  (3i)\ 

' {a)     .000002352637. 
.        J  {b)      27,273,890.942264331. 

{d)     52^,  or  52.734375. 

Note. — In  the  answers  to  the  following  examples  requiring  the 
extraction  of  a  root,  a  minus  sign  after  a  number  indicates  that  the  last 
digit  is  not  quite  as  large  as  the  number  printed.  Thus,  12,497—  indi- 
cates that  the  number  really  is  12.496+,  and  that  the  6  has  been  made 
a  7  because  the  next  succeeding  figure  was  5  or  greater.  The  answers 
to  the  examples  requiring  the  extraction  of  cube  root  are  exact  to  the 
last  digit  given.  If  the  student  is  unable  to  get  the  same  answer  by 
means  of  the  method  described  in  Arts.  30-34,  he  should  then  use 
the  method  described  in  Arts.  35  and  36. 

(4)  Find  the  square  root  of  the  following:  {a)  3,486,- 
784.401;  (*)  9,000,099.4009. 


i{a)     1,867.29+. 
I  {b)     3,000.017- 


(5)  Extract  the  cube  root  of  .32768.  Ans.   .6894+. 

(6)  Extract  the  cube  root  of  2  to  four  decimal  places. 

Ans.   1.2599+. 
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(7)     Solve  the  following:  {a)  /liS.'il;  (*)  f'114.9-21. 

^^a-^)  111- 

*  ♦  {^)      10.72+. 

(S)     Sclve  the  following:  (a)  4  .0065;  (i)  ♦  .000021. 

j  (a)     .18663-. 

<  (*)      .02759-. 
Find  the  value  of  x  in  the  following: 

(ii)     11.7  :  13  ::  20  :  X.  Ans.  22.22+. 

(10)     (a)  20  +-  7  :  10  -i-  S  ::  3  :  x;  (*)  12»  :  100'  ::i:x. 

»  (6)     277.7+. 
,,,,         ,4        7      ,,,    X        8      ,.2         X       ,  ..  15      60 

(11)   0'^  -  =  ^i;  (^)  54=  i«;  (-)  io=ioo:  <'')r5=7' 

111  t 

^'^    150       O'J 


Ans. 


{a)  It 

(A)  12. 

(r)  20. 

(</)  180. 

(r)  40. 

<lj>  If  a  pieoe  ot  '^-inch  shafting  3^  ft.  long  weighs 
;>".4."»  *.:  ..  ::   '.v  ir.v.vh  \v.'i:!d  a  piece  OJ  It.  long  weigh  ? 

Ans.    :-2.2-25lb. 

( !:>»  I:  a  ra:lu\iy  train  runs  444  miles  in  8  hr.  40  min.,  in 
w'r..-.:  t::::c  cai;  i:  rv.::  1. <••'•>  miles  at  the  same  rate  of  speed? 

Ans.   20  hr.  41.44  min. 

1 14  I  If  a  ;>;::n:)  c::>cha'-L:inir  1-^3  gal.  per  min.  fills  a  tank 
in  :'»->  min.,  li«nv  1. -nc:  would  it  take  a  pump  discharging 
>.")  L^al.  ptT  min.  i«^  till  i:  .'  Ans.    t)Oj\  min. 

(!."))  The  distances  ar«nind  the  driving  wheels  of  two  Kxxv 
motives  arc  r2..")»;  ft.  .ii.d  lo.T  ft.,  respectively.  Hoav  many 
times  will  the  larirer  turn  while  the  smaller  turns  5*20  times? 

Ans.  410  times. 

(!♦;)  If  a  cistern  ^v^  ft.  l«Miir,  1*2  ft.  wide,  10  ft.  deep  holds 
ll^^  bl)l.  of  water,  h<»w  many  barrels  of  water  will  a  cistern 
hold  that  is  -^M  ft.  l«>ng,  IT  ft.  wide,  and  G  ft.  deep? 

Ans.   484^  bbl. 


MENSURATION  AND  USE  OF 
LETTERS  IN  FORMULAS. 


EXAMINATION  QUESTIONS. 

A  =  5  A  =  200 

^  =  10  x  =  12 

i  =3.5         Z?=120 

Work  out  the  solutions  to  the  following  formulas,  using 
the  above  values  for  the  letters: 

(1)  C  =    rTl   ..  Ans.   C  =  8. 

(2)  Q^^^^+D.  Ans.   e  =  157i. 

/     AD 

(3)  v  =  ^j^-p^.  Ans.  ^'=4.05+. 

(5)  If  one  of  the  angles  formed  by  one  straight  line 
meeting  another  straight  line  equals  152°  3',  what  is  the 
other  angle  equal  to  ?  Ans.  27°  57'. 

(6)  Draw  an  obtuse  angle,  a  right  angle,  and  an  acute 
angle.  State  the  name  of  each  angle  by  using  letters  to 
designate  them. 

§3 
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MENSURATION  AND 


I  rhombus  and  then  draw  a  rectangle  having 


f8)     A  sheet  of  zinc 
iw  many  square  inche 


llj    inches  by  3i  feet, 
does  it  contain?     Ans.   345  sq.  in. 


(9)  How  many  boards  16  feet  long  and  5  inches  wide 
lid  be  required  to  lay  a  floor  measuring  IS  ft.  X  24  ft.  ? 

Ans.  64  boards. 

(10)  The  accompanyir "    "re  shows  the  floor  plan  of 
n  electric-light  station.  the  dimensions  given,  cal- 

te  the  number  of  square  i        of  unoccupied  floor  space. 
Ans.  2,039.08  so.  ft. 


bffjT 


(11)     A  triangle  has  three  equal  angles;  what  isit  calW? 

{I'i)     If  a  triangle  has  two  equal  angles,  what  kindofa 

tricin^ie  is  it  ? 

(i;i)     In  a  triangle  A  B  C,  angle  A  =  33"  and  B  =  32°  Z%'\ 
wli.u  iloes  angle  C  equal  ?  Ans.   C  =  124°  28'. 


§3 


USE  OF  LETTERS  IN  FORMULAS. 


(14)     In  the  figure,  if  A  D  =  10  inches,  A  B  =^  24t  inches, 
and  B  C  =  13^  inches,  how  long  is  D  E^  D  E  being  parallel 


to  BCl 


Ans.  DE=  5.625  in. 


(15)  An  engine  room  is  52  feet  long 
and  39  feet  wide.  How  many  feet  is  it 
from  one  corner  to  a  diagonally  oppo- 
site one,  measured  in  a  straight  line  ? 

Ans.   65  ft. 

(IG)  It  is  required  to  make  a  miter- 
box  in  which  to  cut  molding  to  fit 
around    an    octagon    post.      At   what  fig.  ii. 

angle  with  the  side  of  the  box  should  the  saw  run  ? 

Ans.   67i°. 

(17)  If  the  distance  between  two  opposite  corners  of  a 
hexagonal  nut  is  2  inches,  what  is  the  distance  between  two 
opposite  sides  ?  Ans.   1.732-|- in. 

(18)  In  the  accompanying  figure,  if  the  distance  B  /  is 

6  inches  and  //  K  18  inches,   what  is 

.the  diameter  of  the  circle  ? 

Ans.   19.5  in. 

(19)     How  many  revolutions  will  a 
72-inch     locomotive     driver    make     in 
going  1  mile  ? 
Fig.  111.  Ans.   280.112  revolutions. 

(20)  A  pipe  has  an  internal  diameter  of  6.06  inches; 
what  is  the  area  of  a  circle  having  this  diameter  ? 

Ans.   28.8427  sq.  in. 

(21)  How  long  must  the  arc  of  a  circle  be  to  contain  12°, 
supposing  the  radius  of  the  circle  to  be  6  inches  ? 

Ans.   1.25664  in. 

(22)  What  is  the  area  of  the  sector  of  a  circle  15  inches 
in  diameter,  the  angle  between  the  two  radii  forming  the 
sector  being  12^°  ?  Ans.   6.1359  sq.  in. 

(23)  (a)  What  would  be  the  length  of  the  side  of  a  square 
metal   plate   having   an   area   of   103.8691    square   inches? 
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(i)  What  would  be  the  diameter  of  a  round  plate  having 
this  area  ?  (c)  How  much  shorter  is  the  circumference  of 
the  round  plate  than  the  perimeter  of  the  square  plate  ? 

i  (rt)  10.191C  in. 
Ans.  }  (6)     llj  in. 

(  (■-)      4.638  m. 

(24)  Find  the  area  in  square  feet  of  the  entire  surface  of 
a  hexagonal  column  13  feet  long,  each  edge  of  the  ends  of 
the  column  being  4  inches  long.  Ans.  24.5774  sq.  ft, 

(25)  Find  the  cubical  contents  of  the  above  column  in 
cubic  inches.  Ans.   5,985.9648  cu.  in. 

(2fl)  Compute  the  weight  per  foot  of  an  iron  boiler  tube 
4  inches  outside  diameter  and  3.73  inches  inside  diameter, 
the  weight  of  the  iron  being  taken  at  .28  pound  per  cubic 
inch.  Ans.  ^  lb. 

(27)  The  dimensions  of  a  return-tubular  boiler  are  as 
follows:  Diameter,  (10  inches;  length  between  heads,  IG  feet; 
outside  diameter  of  tubes,  3J  inches;  number  of  tubes,  64; 
distance  of  mean  water-iine  from  top  of  boiler.  18  inches. 
{a)  Compute  the  steam  space  of  the  boiler  in  cubic  feet, 
(^)  Determine  the  number  of  gallons  of  water  that  will  be 
required  to  fill  the  boiler  up  to  the  mean  water  level, 
Ans.ji^)     79.2  cu.  ft. 

(  (6)     1,246  gal.,  nearly. 

(38)  The  length  of  the  circumference  of  the  base  of  a 
cone  is  18.8490  inches  and  its  slant  height  is  10  inches. 
Find  the  area  of  the  entire  surface  of  the  cone. 

Ans.  122.5224  sq.  in. 

(39)  If  the  altitude  of  the  above  cone  were  9  inches, 
what  would  be  its  volume  ?  Ans.  84.8232  cu.  in. 

(30)  A  square  vat  is  11  feet  deep,  15  feet  square  at  the 
top,  and  12  feet  square  at  the  bottom.  How  many  gallons 
will  it  hold  ?  Ans.   15,058.29  gal. 

(31)  How  many  pails  of  water  would  be  required  to  fill 
the  vat,  the  pail  having  the  following  dimensions:  Depth, 
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11  inches;  diameter  at  the  top,  12  inches;  diameter  at  the 
bottom,  9  inches  ?  Ans.  3,627.28. 

(32)  Find  (a)  the  area  of  the  surface,  and  (d)  the  cubical 
contents  of  a  ball  22^^  inches  in  diameter. 

Ans   ^  ^''^     1,590.435  sq.  in. 
'  ((*)     5,964.1313  cu.  in. 

(33)  (a)  What  is  the  volume  and  area  of  a  cylindrical 
ring  whose  outside  diameter  is  16  inches  and  inside  diameter 
13  inches  ?  (d)  If  made  of  cast  iron,  what  is  its  weight  ? 
Take  the  weight  of  1  cubic  inch  of  cast  iron  as  .261  pound. 

Ans.  Weight  =  21  lb. 
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,l4)     Why  is  not  the  weight  of  a  given  body  the  same  at 
jry  point  on  the  surface  of  the  earth? 

(15)  Determine  the  mass  of  a  body  that  weighs  346 
ids  at  a  place  where  ^  is  equal  to  32.174.  Ans.  10.75+. 
.)  How  does  the  position  of  a  body  above  or  below 
surface  of  the  earth  affect  its  weight  ? 
'7)  A  locomotive  weighing  30  tons  has  to  overcome  a 
itant  force  of  IS  pounds  per  ton  when  it  is  in  motion, 
at  total  force  must  the  locomotive  exert  so  that  its  speed 
<.y  increase  at  the  rate  of  3  feet  per  second  ? 

Ans.  6,047  lb. 
fl8)     What  wilt  be  the  momentum  of  the  locomotive  in  the 
eding  example  when  it  has  attained  a  velocity  of  1  mile 
tiour?  Ans.  3,736.3  lb. 

fl)     Define  (a)  work;  {d)  power;  (c)  energy. 
>)     What  horsepower  is  required  to  raise  a  body  weigh- 
66,000  pounds  through  a  distance  of  80  feet  in  i  hour  ? 
Ans.   6J  H.  P. 
(31)     A  body  weighing  6,432  pounds  is  moving  with  a 
constant  velocity  of  CO  feet  per  second.     What  horsepower 
will  be  required  to  bring  the  body  to  rest  in  3  minutes  ? 

Ans.  3j\  H.  P. 
(23)     What  is  the  tangential  pressure  on  the  crank  of  an 
engine  when  the  crank  is  on  either  dead  center  ? 

(23)  What  is  friction  ? 

(24)  A  body  weighing  5,000  pounds  rests  on  a  horizontal 
surface.  In  order  to  slide  the  body  along  the  surface,  a 
horizimtal  force  of  300  pounds  must  be  exerted.  What  is 
the  coefficient  of  friction  in  this  particular  case  ?     Ans.    .00. 

(•^5)  A  crosshead  weighing  1,000  pounds  and  having 
bronze  shoes  slides  on  a  slightly  greased,  horizontal  wrought- 
iron  yuidt.  If  the  contact  area  of  the  bronze  shoe  is 
Kin  si]uarc  inches,  what  will  be  (n)  the  total  friction  and  (*) 
the  friction  per  square  inch  of  contact  surface  ? 

(  (a)      160  lb. 

t  (*)      1.6  lb. 


Ans. 
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(26)  What  is  the  center  of  gravity  of  a  body  ? 

(27)  Explain  the  method  of  finding  the  common  center 
of  gravity  of  several  bodies  whose  weights  and  the  dis- 
tances between  whose  centers  of  gravity  are  known. 

(28)  Give  a  practical  method  of  determining  the  center 
of  gravity  of  a  solid  body. 

(29)  Define  (a)  centrifugal  force;  (b)  centripetal  force. 

(30)  What  is  the  relation  between  the  centrifugal  and 
centripetal  forces  of  a  revolving  body  ? 

(31)  A  body  weighing  10  pounds  revolves  at  a  speed  of 
GO  revolutions  per  minute  about  a  point  6  feet  from  its  cen- 
ter of  gravity.  What  is  the  centrifugal  force  tending  to 
pull  the  body  from  the  point  about  which  it  revolves  ? 

Ans.  73.44  1b. 

(32)  Name  the  three  states  of  equilibrium  and  give 
examples  of  each. 

(33)  In  the  case  of  a  body  at  rest,  what  are  the  condi- 
tions of  the  forces  acting  on  that  body  ? 

(34)  How  is  the  condition  of  equilibrium  of  the  forces 
acting  on  a  body  affected  by  the  position  of  its  **line  of 
direction  '*  with  respect  to  the  base  ? 
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EXAMINATION  QUESTIONS. 

(1)  Define  (a)  lever ;  (d)  weight  arm ;  (c)  force  arm ; 
{d)  fulcrum. 

(2)  What  is  the  condition  necessary  for  the  equilibrium 
of  the  lever  ? 

(3)  State  the  general  rule  that  expresses  the  relation 
existing  between  the  weight,  the  force,  and  the  distances 
through  which  they  move. 

(4)  What  must  be  the  length  of  the  weight  arm  in  order 
that  a  force  of  12  pounds  at  a  distance  of  20  inches  from  the 
fulcrum  will  raise  a  weight  of  100  pounds  at  the  end  of  the 
weight  arm?  Ans.   2.4  in. 

(5)  Into  what  two  classes  may  pulleys  be  divided  in  ref- 
erence to  their  construction  ? 

(G)  What  advantages  have  split  pulleys  over  solid  pul- 
leys ? 

(7)  Explain  how  a  crowned  pulley  tends  to  prevent  the 
slipping  off  of  the  belt. 

(8)  What  is  meant  by  **  balancing  pulleys,"  and  how  is 
it  accomplished  ? 

(9)  Define  the  terms  '*  driver  "  and  *'  driven  "  as  applied 
to  pulleys. 
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(23)  What  is  (a)  circular  pitch  ?  (d)  diametral  pitch  ? 

(24)  What  are  the  most  common  forms  of  teeth  used  in 
ordinary  practice  ? 

(25)  What  advantages  have  involute  teeth  over  epicy- 
cloidal  teeth  ? 

(26)  Find  the  pitch  diameter  of  a  gear-wheel  having 
60  teeth  and  a  circular  pitch  of  1.152  inches.         Ans.  22  in. 

(27)  What  is  the  circular  pitch  of  a  gear-wheel  30  inches 
in  diameter  having  60  teeth  ?  Ans.  1.57  in. 

(28)  What  is  the  over-all  diameter  of  a  gear-wheel 
having  80  teeth  with  a  diametral  pitch  of  8  ?       Ans.   lOJ  in. 

(29)  Find  the  number  of  teeth  in  a  gear-wheel  whose 
outside  diameter  is  7^  inches  and  whose  diametral  pitch 
is  8.  Ans.  58  teeth. 

(30)  What  distinguishes  a  fixed  pulley  from  a  movable 
pulley  ? 

(31)  In  a  certain  combination  of  pulleys  there  are  seven 
movable  ones.  Neglecting  losses  due  to  friction,  how  heavy 
a  weight  can  a  force  of  150  pounds  raise  when  applied  to 
the  free  end  of  the  rope  ?  Ans.  2,100  lb. 

(32)  How  does  friction  affect  the  force  required  to  raise 
a  given  weight  by  means  of  a  rope  or  chain  and  pulleys  ? 

(33)  In  an  ordinary  block  and  tackle  having  four  mov- 
able pulleys,  what  is  the  probable  actual  force  that  must  be 
applied  to  raise  a  weight  of  1,500  pounds  ?        Ans.  312.5  lb. 

(34)  In  what  respect  is  the  Weston  differential  pulley 
block  better  than  the  ordinary  block  and  tackle  ? 

(35)  An  inclined  plane  is  70  feet  long  and  12  feet  high. 
What  force  acting  parallel  to  the  plane  will  be  required  to 
sustain  a  weight  of  600  pounds  on  the  plane  ?      Ans.   103  lb. 

(36)  What  weight  will  a  force  of  36  pounds  acting  paral- 
lel to  the  base  of  the  plane  be  able  to  sustain  on  an  inclined 
plane  having  a  base  50  feet  long  and  a  height  of  15  feet  ? 

Ans.   120  lb. 
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(37)  What  i^  tbe  pinbable  afttul  wcif^t  that  can  be 
rwed  by  means  of  a  scrrw  jack  Uiat  has  a  scrcv  2^  inciies 
in  diameter  vith  fi  threads  to  the  tocb  if  a  force  oi  SO  potnxb 
is  applied  at  the  end  of  a  lever  iO  inches  from  tbc  shaft  ? 

An&   £}S«.31b. 

(38)  Dcfise  la)  velocitT  ratiit;  (J)  effirieocy. 

(»»)  What  is  the  efficiency  o(  ihc  screw  jack  of  qnts- 
lion  37  ?  Aii£.  £^  per  ccnL 


ELEMENTS  OF 
ELECTRICITY  AND  MAGNETISM. 


EXAMINATION   QUESTIONS. 

(1)  Fig.  I  represents  a  helix  of  wire  around  which  an 
electric  current  is  supposed  to  be  circulating  in  the  direc- 
tion indicated  by  the  arrows. 
Which  of  the  two  ends,  a  or  b^  is 
the  north  pole  of  the  solenoid  ? 
Why? 

(2)  What  will  be  the  sign  of  the 
static   charge   developed    {a)   on   a  ^^°-  ^• 
glass  rod  when  rubbed  with  fur  ?  {b)  on  a  piece  of  sealing- 
wax  when  rubbed  with  silk  ? 

(3)  The  separate  resistances  of  two  branches  A  and  B  of 
a  derived,  or  shunt,  circuit  are  16.2  and  14.1  ohms,  respect- 
ively. If  the  sum  of  the  currents  in  the  two  branches  is 
6.37  amperes,  what  is  the  current  in  each  branch  ? 

.         j  2.9643  amperes  in  branch  A, 
(  3.4057  amperes  in  branch  B, 

(4)  In  a  closed  circuit,  the  resistance  between  two 
points  is  2.3  ohms.  {a)  What  current  flowing  between 
these  points  will  cause  a  difference  of  potential  of  58.4  volts  ? 

§8 
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(*)  What  is  the  power  in  watts  dissipated  between  these  two 
points  ?     {c)  Give  its  equivalent  in  horsepower. 

/  {a)     25.3913  amperes. 
Ans.  j  (*)     1,48-2.»531  watts. 

( (f)      1.987?  horsepower. 

(5)  Fig.  II  represents  a  closed  circuit  consisting  of  a  vol- 
taic battery  j5  and  two  conductors  .Y  and  K  connected  in 
series.  The  internal  rc- 
1  ^•  sistance  of  the  batterj-  is 
17.2  ohms,  and  the  sepa- 
rate resistances  of  the  con- 
ductors X  and  Y  are, 
respectively,  8.2  and  11.3 
ohms.  What  is  the  total 
E.  M.  F.  in  volts  generated  by  the  battery  if  a  current  of 
.75  ampere  flows  through  the  circuit  ?  Find  the  difference 
of  potential  in  volts  between  a  and  d,  between  It  and  c,  and 
between  c  and  a. 

r  Total  E.  M.  F.  developed  by  battery  =  27.525  volts. 

.        j  Difference  of  potential  between  a  and  d  =  8,475  volts. 

■  1  Difference  of  pulential  between  6  and  r  =  0.1.5  volts. 

I' 
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I  Difference  of  potential  between  c  and  a  =  14. 635  volts. 


(6)  A  voltaic  battery  whose  internal  resistance  is  36.  %  ohms 
is  connected  to  a  copper  wire  having  a  resistance  of 
21.7  ohms.  What  is  the  total  electromotive  force  in  volts 
generated  in  the  battery,  if  a  current  of  .127  ampere  flows 
through  tlie  circuit  ?  Ans.   7.3533  volts. 

(7)  How  many  coulombs  of  electricity  pass  through 
a  circuit  in  2^  hours  when  the  strength  of  current  is 
IS.33  amperes  ?  Ans.  67,392  coulombs. 

(8)  Given,  electromotive  force  =  112.5  volts  and  strength 
of  current  =  12.2  amperes;  find  the  power  in  watts. 

Ans.  1,372.5  watts. 

(9)  The  resistance  of  a  copper  wire  is  43.2  ohms  at 
60°  F. ;  find  its  resistance  at  85°  F.  Ans.  45.5274  ohms. 
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(10)  The  separate  resistances  of  three  conductors  Ay  B^ 
and  C  are,  respectively,  37,  45,  and  72  ohms.  What  is  their 
joint  resistance  when  connected  in  parallel  ? 

Ans.  15.8383  ohms. 

(11)  The  separate  resistances  of  four  conductors  A^B^  C, 
and  D  arty  respectively,  3,  19,  72,  and  111  ohms;  find  their 
joint  resistance  when  connected  in  series.        Ans.  205  ohms. 

(12)  How  much  energy  in  joules  is  expended  in  a  closed 
circuit  during  1^  hours  in  which  the  current  is  maintained 
at  14.2  amperes,  the  resistance  of  the  circuit  being  8  ohms  ? 

Ans.  7,259,040  joules. 

(13)  In  Fig.  Ill,  the  difference  of 
potential  between  a  and  b  is  11.6  volts. 
If  the  strength  of  the  current  in  branch 
A  is  6.7  amperes  and  the  strength 
of  the  current'  in  ^  is  4.9  amperes, 
what  is  the  separate  resistance  of  each 
branch  ?  F'o-  "I- 

.        j  The  separate  resistance  of  branch  A  =  1.7313  ohms. 
1  The  separate  resistance  of  branch  B  =  2.3673  ohms. 

(14)  The  E.  M.  F.  of  a  battery  is  22.4  volts  and  its 
internal  resistance  is  13.4  ohms.  What  is  the  resistance  of 
an  external  conductor  connected  to  the  battery  when  the 
current  flowing  in  the  circuit  is  .43  ampere  ? 

Ans.  38.693  ohms. 

(15)  What  must  have  been  the  strength  of  current  in 
amperes  in  a  closed  circuit  through  which  368,422  coulombs 
of  electricity  passed  in  4^  hours  ?  Ans.  22.7421  amperes. 

(16)  Find  the  work  done  in  foot-pounds  when  a  current 
of  2.4  amperes  flows  against  a  resistance  of  45  ohms  for 
50  minutes.  Ans.  573,324.48  foot-pounds. 

(17)  Given,  the  electromotive  force  =  525  volts  and 
strength  of  current  =  12.5  amperes;  express  the  number  of 
horsepower.  Ans.  8.7969  horsepower. 
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(18)  (a)  How  many  watts  are  dissipated  by  a  current  of 
110  amperes  flowing  against  a  resistance  of  4.2  ohms? 
(d)  Give  its  equivalent  in  horsepower. 

.        j  (a)     60,820  watts. 

•  1  (*)     68.1233  horsepower. 

(19)  If  the  resistance  of  1,000  feet  of  round  copper  wire 
.1  inch  in  diameter  is  1  ohm,  find  the  resistance  of  2,000  feet 
of  square  copper  wire  .1  inch  on  a  side.      Ans.  1.5708  ohms. 

(20)  Find  the  equivalent  of  54,200  watts  in  horsepower. 

Ans.  72.6541  horsepower. 

(21)  The  specific  resistance  of  mercury  is  37.15  microhms 
;per  cubic  inch ;  find  the  resistance  in  ohms  of  a  round  column 
of  mercury  72.3  inches  high  and  .04  inch  in  diameter,  at 
32°  F.  Ans.  2.1368  ohms. 

(22)  The  total  E.  M.  F.  developed  within  a  battery  is 
45  volts  and  the  internal  resistance  of  the  battery  is  33  ohms; 
find  the  strength  of  current  flowing  when  the  battery  is  con- 
nected in  circuit  with  a  resistance  of  30  ohms. 

Ans.  .7143  amptft. 

(23)  An  E.  M.  F.  of  510  volts  is  consumed  in  an  electric 
receptive  device  and  a  current  of  24.3  amperes  is  flowing  in 
the  circuit;  calculate  the  power  in  watts  supplied  to  the 
receptive  device.  Ans.  12,393  watts. 

(24)  A  battery  of  twenty-four  cells  is  arranged  in  multi- 
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ple-series  as  shown  in  Fig.  IV.   There 
are   four   groups   of   six  cells  each, 
connected  in    series,    and    the   four 
groups   are   connected    in    multiple, 
or  parallel,  to  two  main  conductors 
c'c  and  c\     If  the  E.  M.  F.  developed 
by  each  cell  is  1.5  volts,  what  will 
be   the   E.   M.  F.   indicated   by  the 
voltmeter    f  Jf   when    its    binding 
posts    are   connected    to    the    main 
conductors   c   and  r',   as    shown  in 
the  figure  ? 
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(25)     The   available   E.  M.  F.   developed    by  an   e 
source  is  350  volts  and  a  current  of  (35.7  ampcrea  is  flow- 
ing from  it;  determine  its  output  in  horsepower. 

Ans.   22.0174  horsepower. 


(26)  Fig.  V  represents  a 
around  which  is  wound  an 
insulated  conductor  c  c'  c". 
If  a  current  circulates 
through  the  conductor  in 
the  direction  as  indicated 
by  the  arrows,  which  of  the 
two  ends,  n  or  h,  is  the  south 
[xile  of  the  magnet  ? 


;shoe   electromagnet  M 


uf 


(27)  Give  the  nam 
all  the  known  magnetic 
stances.  v\a.  v. 

(28)  A  compass  C  is  placed  between  the  north  and  the 

south  poles  of  two  mag- 
nets, as  shown  in  Fig.  VI. 
Toward  which  pole  will 
the  north  pole  of  the 
compass  needle  tend  to 
point,  and  why  ? 

compass  C  is  placed  alongside  a  bar  magnet 
opposite  the  neutral  line,  as  shown 
in  Fig.  VII.  Toward  which  pole 
of  the  magnet  will  the  south  pole 
of  the  compass  needle  tend  to 
point,   and  why  ?  fic.  vu, 

electromagnet,  Fig.  VIII,  the  coil  of  wire  is 
wound  around  an  iron  core  in  a  right- 
/^  handed  spiral.  Through  which  end, 
a  or  h,  of  the  wire  must  the  current 
enter  in  order  to  produce  the  polarity 
as  represented  in  the  figure 


(29) 


9 


Why?  ^J 


^■^   ELEMENTS  OF  §» 

^sistance  of  a  platinum  wire  113  feet  6  inches 
ong  IS  liHJ  ims;  calculate  the  resistance  of  11.7  inches  of 
he  same  wi       other  conditions  remaining  unchanged. 

Ans.  .8736  ohm. 

(32)  The  r  sislance  of  a  German-silver  wire  is  91.8  ohms 
at  45°?.;  calculate  its  resistance  when  its  temperature  is 
73°  F.,  other  conditions  remaining  unchanged. 

Ans.  92.4048  ohms. 


(33)  If  the  rcsis 
87'"  P.,  what  is  its 
remaining  unchange 

(34)  The  diagram, 
of  resistance  box  for  i 
galvanometer  circuits 
ance  measurements,     a 


per  wire  is  ,144  ohm  at 

u,  41°   F.,   other  conditions 

Ans.  .131  ohm. 

;sents  a  particular  pattern 

bridge,  with  battery  and 

r  ij        inected  for  taking  resist- 

lown  resistance  X  is  connected 


to  the  terminals  c  and  b.  After  adjusting  the  resistances  of 
the  same  by  withdrawing  the  plugs,  as  represented  by  the 
open  spaces  between  the  contacts,  the  galvanometer  shows 
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no  deflection  when  the  keys  k  and  k'  are  pressed  and  the 
battery  and  galvanometer  circuits  are  closed.  Under  these 
conditions,  what  is  the  resistance  of  J!f  ?        Ans.  7.23  ohms. 

(35)  The  total  E.  M.  F.  developed  in  a  closed  circuit  is 
3(5  volts,  the  internal  resistance  is  18  ohms,  and  the  external 
resistance  is  24  ohms;  determine  the  strength  of  current  in 
amperes  flowing  in  the  circuit.  Ans.  .8571  ampere. 

(36)  A  current  of  2.7  amperes  is  flowing  in  a  closed 
circuit.  If  the  total  E.  M.  F.  developed  in  the  circuit  is 
12.6  volts,  what  is  the  total  resistance  of  the  circuit  ? 

Ans.  4.GG67  ohms. 

(37)  The  external  resistance  of  a  closed  circuit  is  31.5 
ohms  and  the  internal  is  11  ohms.  If  a  current  of  .8  ampere 
is  flowing  through  the  circuit,  what  is  the  total  E.  M.  F.  in 
volts  developed  ?  Ans.  34  volts. 

(38)  The  total  E.  M.  F.  developed  in  an  electric  source 
is  250  volts.  If  10  per  cent,  of  this  E.  M.  F.  is  required  to 
transmit  a  current  of  80  amperes  to  and  from  a  receptive 
device  situated  600  feet  from  the  source,  {a)  what  is  the 
total  resistance  of  the  two  conductors,  and  {b)  what  is  their 
resistance  per  foot,  considering  each  to  be  600  feet  long  ? 

.        j  (^)     .3125  ohm. 
^^'  \  \b)     .00026  ohm  per  foot. 

(39)  The  internal  resistance  of  a  battery  is  8.1  ohms  and 
the  total  E.  M.  F.  developed  in  it  is  24  volts.  What  is  the 
available  or  external  E.  M.  F.  of  the  battery  when  the 
circuit  is  completed  by  an  external  conductor  offering  a 
resistance  of  15.9  ohms  ?  Ans.  15.9  volts. 

(40)  The  separate  resistances  of  two  branches  A  and  B  of 
a  derived  circuit  are  1.2  and  2.2  ohms,  respectively.  If  the 
sum  of  the  currents  in  the  two  branches  is  45  amperes,  what 
is  the  current  in  each  branch  ? 

.         j  The  current  in  branch  A  is  29.1176  amperes. 
I  The  current  in  branch  B  is  15.8824  amperes. 
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(41)     («)  What  is  a  kilowatt?     {*)  If   a   machine  has  a 
opacity  of  IfiO  kilowatts,  what  is  its  capacity  in  horsepower  ? 
Ans.   (*)     201.072  horsepower. 
f42)     A  250-volt  dynamo  has  a  capacity  of  300  kilowatts, 
it  will  be  its  full-load  current  ?  Ans.   1,200  amperes. 

(43)  (a)  What  is  a  kilowatt-hour  ?  (*)  If  an  average  of 
9  amperes  flows  in  a  110-volt  circuit  for  fl  hours  and  30  min- 
ces, what  is  the  amount  of  work  accomplished,  expressed 
1  kilowatt -hours  ?  Ans,   (*)     41.8  kilowatt-hours. 
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EXAMrsTATioN  questio:n:s. 

(1)  Suppose  that  a  ring-core  armature  of  a  bipolar 
dynamo  is  wound  with  200  complete  turns  of  wire  that 
are  properly  connected  to  the  segments  of  a  commutator 
for  generating  a  continuous  current,  and  that  there  are 
0,250,000  lines  of  force  passing  through  the  armature  from 
the  poles  of  the  field  magnets.  If  the  strength  of  the  field 
remains  constant  and  the  armature  is  rotated  at  a  uniform 
speed  of  1,200  revolutions  per  minute,  what  is  the  total  elec- 
tromotive force  in  volts  generated  in  the  armature  ? 

Ans.  250  volts. 

(2)  If  the  resistance  of  the  field  coils  in  a  shunt-wound 
dynamo  is  440  ohms,  and  the  difference  of  potential  between 
the  brushes  when  the  external  circuit  is  open  is  220  volts, 
what  is  the  strength  of  current  in  the  field  coils  ? 

Ans.   .5  ampere. 

(3)  What  is  the  distinction  between  an  alternating  cur- 
rent and  a  continuous  current  ? 

(4)  Fig.  I  shows  a  cross-sectional  view  of  a  uniform  mag- 
netic field  taken  at  right  angles  to  the  direction  of  the  lines 
of  force ;  that  is,  the  dots  represent  the  ends  of  the  lines  of 
force,  their  direction  being  downwards,  piercing  the  paper. 
C  represents  a  closed  coil  of  some  conducting  material,  such 
as  copper,  that  is  placed  in  the  magnetic  field  with  its  plane 

For  notice  of  the  copyright,  see  page  immediately  following  the  title  page. 


(O    Timmmtm  b^mM€ 


BM  iljiiiMii  is  lt.Sm  watts. 

I  B  KS  per  ccbL  If  2.C  per 
one  ^Ommfmrnwata  m  cacte  Ae  fcM  m-ipiits,  suu 
the  fidd  Imb  »  vasu.  Aw.  S90  satu. 

(C|  Tke  n»Caaee  a<  the  lAi^  firU  csBs  of  a  oonstaot- 
poceatal  draamo  k  SS  «faaK  aad  Ae  dWefCBDC  td  potential 
bctwcca  the  IbmiImii  wittm Oe  anaaCwe ii  n.mhii^  at  nor- 
fiul  ?9c«d  s  110  TrAs.  How  hboj  watts  aiv  required  to 
ei":*^  :r.- BeM  magnets?  Ans.  230  watts. 


Whs:  i. 


T^rrunmacor  and  for  what  is  it  c 


d? 


(^j  The  ijiitput  of  a  dvnamo  is  65,000  w^tts  and  its 
effi'.iency  at  ihisoLiiput  i*  i">..5  per  cent. ;  determine  the  input 
t'/  the  armature  and  espress  the  same  in  horsepower, 

Ans,  96.28  horsepower. 


(!')  Fig,  II  show5  the  connections  of 
i]ynani'i  and  the  direction  in  which  the 
field  C'lils  are  wound.  If  the  current 
flows  in  the  direction  indicated  by  the 
arrowheads,  which  of  the  two  pole 
pieces,  /'  or  /'',  is  the  north  pole  ? 
Suppose  that  the  winding  of  the  right- 
hand  coil  were  reversed,  which  pole 
piece  would  then  be  the  north  pole  ? 


a    shunt-wound 


§9 
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(10)  The  input  to  a  dynamo  is  10  horsepower  and  its  out- 
put is  6,341  watts.     What  is  its  efficiency  at  this  load  ? 

Ans.  85  per  cent. 

(11)  Fig.  Ill  represents  a  cross-sectional  view  of  a  uni- 
form magnetic  field.  The  dots  represent  an  end  view  of  the 
lines  of  force,  their  direction  being  downwards,  piercing  the 
paper;  or,  in  other  words,  the  observer  is  looking  along  the 
lines  of  force  toward  the  face  of  a  south  pole;  c  represents 
a  moving  conductor  placed  in  the  magnetic  field  with  its 
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length  at  right  angles  to  the  direction  of  the  lines  of  force ; 
its  two  ends  are  connected  to  an  external  circuit  consisting 
of  the  resistance  R,  If  the  conductor  is  moving  upwards 
across  the  magnetic  field  in  the  direction  shown  by  the 
arrows,  in  which  direction  will  the  current  tend  to  flow  in 
the  circuit  ? 

(12)  A  dynamo  shows  an  efficiency  of  85  per  cent,  when 
its  output  is  11,900  watts,  and  1.8  per  cent,  of  the  input  is 
lost  in  the  core  by  eddy  currents  and  hysteresis.  What  is 
the  core  loss  in  watts  ?  Ans.   252  watts. 

(13)  (a)  What  is  meant  by  the  counter  torque  of  a  dyna- 
mo ?     (b)  What  causes  it  ? 

(14)  A  dynamo  generates  125  volts  at  a  normal  load  of 
120  amperes;  if  the  resistance  of  the  armature  from  brush  to 
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onductors,    armature    reactions,    etc.,    remain 
icnangcd  f  Ans.   333J  volts. 

{2H)     To     hat  are  the  following  losses  in  a  dynamo  due; 
(a)  core  loss  i     {6)  armature  loss  ?     (f )  field  loss  ? 


(•«) 


y 

± 

1 
. — ^ 

In  Fig.  V,  the  observer  is  looking  at  the  face  of  a 

north    magnetic    pole    X   and   a 

straight  conductor  C  is  placed  in 

a  vertical  position  in  front  of  the 

-'■'     "ith   its    length    at   right 

to   the    direction   of  the 

force  as  they  pass  from 

If  the  two  ends  of  the 

or  are  connected  to  the 

Is  of  the  battery  B,  and  a 

flows  through  the  circuit 

)nned    in    the    direction 

d     by    the    arrowheads, 

toward  which  side,  a  orb,  of         pole  face  will  the  conductgr 

tend  to  move  ? 

(28)  In  a  shunt -wound  dynamo,  if  the  resistance  of  the 
field  coil  is  (iSO  ohms  and  the  difference  of  potential  between 
the  brushes  remains  constant  at  525  volts  when  the  armature 
is  rotated  at  a  constant  speed,  what  is  the  strength  of  cur- 
rent in  the  field  coil  under  these  conditions  ? 

Ans.  .8076  ampere. 

(29)  A  compound- wound  dynamo  generates  115  volts 
between  its  terminals  when  no  current  is  flowing  into  the 
external  circuit.  At  full  load,  however,  the  difference  of 
potential  between  its  terminals  is  124.2  volts.  What  per- 
centage of  over-compounding  do  these  figures  represent  ? 

Ans.  8  per  cent. 

(30)  What  becomes  of  the  heat  generated  in  a  dynamo 
armature  ? 

(31)  State  the  differences  between  separately  excited, 
shunt -wound,  and  series- wound  dynamos. 
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(32)  The  core  losses  in  a  particular  generator  amount  to 
800  watts  and  the  input  to  the  generator  is  M  horsepower  at 
full  load.  Determine  the  percentage  of  loss  in  the  core  at 
this  input.  Ans.   1.675G  per  cent. 

(33)  Why  must  the  brushes  of  the  dynamo  be  shifted 
ahead  of  the  neutral  point  when  operating  under  load  ? 

(34)  What  is  the  difference  between  a  consequent  pole 
and  a  salient  pole  ? 


A  KEY 

TO     ALL    THB 

QUESTIONS    AND    EXAMPLES 

CONTAINED    IN    THE 

EXAMINATION    QUESTIONS 

Included  in  this  Volume. 


The  Keys  that  follow  have  been  divided  into  sections  cor- 
responding to  the  Examination  Questions  to  which  they 
refer,  and  have  been  given  corresponding  section  numbers. 
The  answers  and  solutions  have  been  numbered  to  corre- 
spond with  the  questions.  When  the  answer  to  a  question 
involves  a  repetition  of  statements  given  in  the  Instruction 
Paper,  the  reader  has  been  referred  to  a  numbered  article, 
the  reading  of  which  will  enable  him  to  answer  the  question 
himself. 

To  be  of  the  greatest  benefit,  the  Keys  should  be  used 
sparingly.  They  should  be  used  much  in  the  same  manner 
as  a  pupil  would  go  to  a  teacher  for  instruction  with  regard 
to  answering  some  example  he  was  unable  to  solve.  If  used 
in  this  manner,  the  Keys  will  be  of  great  help  and  assist- 
ance to  the  student,  and  will  be  a  source  of  encouragement 
to  him  in  studying  the  various  papers  composing  the  Course. 


I- 

I 


ARITHMETIC. 

(PART  1.) 


(1)  See  Art.  1. 

(2)  See  Art.  3. 

(3)  See  Arts.  5  and  6. 

(4)  See  Arts.  10  and  11. 

(5)  980  =  Nine  hundred  eighty. 
605  =  Six  hundred  five. 

28,284  =  Twenty-eight  thousand  two  hundred  eighty-four. 
9,006,042  =  Nine  million  six  thousand  forty-two. 
850,317,002  =  Eight  hundred  fifty  million  three  hundred 
seventeen  thousand  two. 

700, 004  =  Seven  hundred  thousand  four. 

(6)  Seven  thousand  six  hundred  =  7,600. 
Eighty-one  thousand  four  hundred  two  =  81,402. 
Five  million  four  thousand  seven  =  5,004,007. 

One  hundred  and  eight  million  ten  thousand  one  =  108,- 
010,001. 

Eighteen  million  six  =  18,000,006. 
Thirty  thousand  ten  =  30,010. 

For  nottc*  of  copyright.  Me  page  immediately  following  the  title  pn^e. 


adding  whole  numbers,   place  the  numbers  to  be 
Qirectly  under  each  other,  so  that  the  extreme  right- 
hand  figures  will   stand    in  the  same 
3  2  9  0  column,  regardless  of  the  position  of 

504  those    at     the    left.      Add    the    first 

8C6403  column  of   figures    at   the   extreme 

20  74  right,   which   equals  19   units,  or  I 

SI  ten  and   9  units.     We  place  9  units 

~  under  the  units  column  and  reserve 

8  7  1  3  S  9     Ans,     '  ten  for  the  column  of  tens,   8+7 
-f  y  --|~  I  =  2.5  tens,  or  2  hundredsand 
tens.     Place   6    tens  under  the  tens  column   and   reserve 
hundreds  for  the  hundreds  column.     4  +  .5  +  3  4-  2  =^  13 
reds,  or  1  thousand  and  3  hundreds.      Place  3  hundreds 
■  the  hundreds  column  and  reserve  the  1  thousand  for 
usands  column.     2  +  5-f3-}-l  =  II   thousands,  or 
.ousand   and  1   thousand.     Place  the  1   thousand  in 
of   thousands  and    reserve  the  1    ten-thousand 
>uiuinn  of  ten-thousands.     G  -f- 1  =  'i'  ten-tho usands. 
this  7  ten-thousands  in   the  ten-thousands  column. 
There  is  but   one  figure,  y,  in   the  hundreds  of  thousands 
place  in  the  numbers  to  be  added,   so  it  is  placed  in  the 
hundreds  of  thousands  column  of  the  sum. 

A  simpler  (though  less  scientific)  explanation  of  the  same 
problem  is  the  following:  7  +  1  +  4+3  +  4  +  0^19;  write 
the  9  and  reserve  thel.  8  +  7  +  0  +  0  +  9+1  reserved 
=  25;  write  the  fl  and  reserve  the  2.  0+4+5  +  2  +  2 
reserved  =  l'(;  write  the  ;)and  reserve  thel.  2  +  5  +  3+1 
reserved  =  11;  write  the  1  and  reserve  1.  6  +  1  reserved  =  7; 
write  the  7,     Bring  down  the  8  to  its  place  in  the  sum. 

(8) 


7  0  9 

8  30  47  25 

39  1 

10  0  303 

300 

9  0  9 

8  4  0  7  3  3  «     Am 
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(9)  The  steam  engine,  during  the  12-hour  test,  showed 
that  the  number  of  revolutions  made  were  160,608,  since 
12,600  +  12,444+12,467  +  12,528+12,468+12,590  +  12,610 
+  12,589  +  12,576  +  12,558  +  12,546  +  12,532  =  160,508  rev. 

12  6  0  0  revolutions. 
12  4  4  4  revolutions. 
12  4  6  7  revolutions. 
12  5  2  8  revolutions. 
12  4  6  8  revolutions. 
12  5  9  0  revolutions. 
12  6  10  revolutions. 
12  5  8  9  revolutions. 
12  5  7  6  revolutions. 
12  5  5  8  revolutions. 
12  5  4  6  revolutions. 
12  5  3  2  revolutions. 


15  0  5  0  8  revolutions.     Ans. 

(10)     In  subtracting  whole  numbers,  place  the  subtrahend, 
or  smaller  number,  under  the  minuend,  or  larger  number, 

(a)     5  0  9  6  2  ^^  ^^^^  ^^^  right-hand  figures  stand 

Q  Q  Q  g  directly  under  each  other.     Begin  at 

tAe  right  to   subtract.     We  cannot 

4  7  6  2  4  Ans.  subtract  8  units  from  2  units,  so  we 
take  1  ten  from  the  6  tens  and  add  it  to  the  2  units.  1  ten 
=  10  units,  so  we  have  10  units  +  2  units  =  12  units.     Then, 

8  units  from  12  units  leaves  4  units.  We  took  1  ten  from 
6  tens,  so  only  5  tens  remain.  3  tens  from  5  tens  leaves 
2  tens.     In  the  hundreds  column  we  have  3  hundreds  from 

9  hundreds  leaves  6  hundreds.  We  cannot  subtract  3  thou- 
sands from  0  thousands,  so  we  take  1  ten-thousand  from 
5  ten-thousands  and  add  it  to  the  0  thousands.  1  ten-thousand 
=  10  thousands,  and  10  thousands  +  0  thousands  =  10  thou- 
sands. Subtracting,  we  have  3  thousands  from  10  thou- 
sands leaves  7  thousands.  We  took  1  ten-thousand  from 
5  ten-thousands  and  have  4  ten-thousands  remaining.  Since 
there  are  no  ten-thousands  in  the  subtrahend,  the  4  in  the 
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-"'■»   "     •  i^  1       r^f  s-  zr^mgHil  down  into 

*  from  4  karcs  4. 


•  *  • 


^  s  S  r    ^ 


i   i   !  r  Ti 


^    Ans. 

igof  the 


mnrsc  rr*?  r»ming. 
tfrsr  4-??*"»  |:aBons  were 


mn  xur-,1^  ^ie  zziommg. 

mning  of  the 


rxrnrsi:  tjse  ATtemoon. 
lifbfr  v*T$  iriDons  were 


:  r    -  .  .-      :      CTiT   -"^Tiir^rs,  r-'.uce  the 

--  -  ....  .        -      .  -^.  »    «.    _    ^. .  .  *     r.a,i. ..    vrriii 

' '  '    '«■'-■-    "^  -  -  ■  -     '    -  -  -  '    -  *  c  -  ::      rtiine-i  under  the 

'  -  ■       ^  "  ■*  :  t:t>  r  --:r.::>  =  4ii  units,  or 

•  ::"*>  jiri  c»  units.     We  write 
.    «      -       ^      » -.  -       :tr     *     ---its   j.r.c    reserve    the 

4  trrs.    T  times  ^  tens  =  .>^»  tens: 
r,r:  ..  ;   -^^  i  ^^^,,.^.:  _  ,.     .^--^      -  r'  huncrevis  and  0  tens. 

^Vr.--  v.-  '..  t-n^  :,-':  ^•r<-^^-r  the  -  hundreds.  7x3  hun- 
^ir^^l.  ■■i\  h'-dr-::-  'i:  -^  r.  h:ir:dTK^c>  reserved  =  :> 7  hun- 
dred',, ^.r  z  tho:i>ar.'N  ar.d  7  hundreds.  Write  the  7  hiin- 
f\^*'Jl'^    and    r'rvrrv^-    the    '2    th.>usands.      7  \  ♦;  thousands  = 
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42  thousands ;  42  +  2  thousands  reserved  =  44  thousands, 
or  4  ten-thousands  and  4  thousands.  Write  the  4  thousands 
and  reserve  the  4  ten-thousands.  7x2  ten-thousands 
=  14 ten-thousands;  14  -f  4  ten-thousands  reserved  =  18  ten- 
thousands,  or  1  hundred-thousand  and  8  ten-thousands. 
Write  the  8  ten-thousands  and  reserve  the  1  hundred- 
thousand.  7  X  5 hundred-thousands  =35 hundred-thousands; 
35  +  1  hundred-thousand  reserved  =  3G  hundred-thousands. 
Since  there  are  no  more  figures  in  the  multiplicand  to  be 
multiplied,  we  write  the  36  hundred-thousands  in  the  prod- 
uct.    This  completes  the  multiplication. 

A  simpler  (though  less  scientific)  explanation  of  the  same 
problem  is  the  following: 

7  times  7  =  49 ;  write  the  9  and  reserve  the  4.  7  times 
8  =  56 ;  56  +  4  reserved  =  60 ;  write  the  0  and  reserve  the  6. 
7  times  3  =  21;  21  +  6  reserved  =  27;  write  the  7  and 
reserve  the  2.  7  X  6  =  42 ;  42  +  2  reserved  =  44 ;  write  the 
4  and  reserve  4.  7  X  2  =  14;  14  +  4  reserved  =  18;  write 
the  8  and  reserve  1.  7  X  5  =  35 ;  35  +  1  reserved  =  36 ; 
write  the  36. 

In    this   case  the  multiplier  is 

(3)      7  0  0  2  9  8  ^.^  units,  or  1  ten  and  7  units,  so 

^  *  that  the  product  is  obtained  by 

4  9  0  2  0  8  6  adding     two     partial      products, 

7  0  0  2  9  8  namely,     7  X  700,298    and    10  X 

700,298.     The  actual  operation  is 


11905066    Ans.  ^  ^       r  n 

performed  as  follows: 

7  times  8  =  56 ;  write  the  6  and  reserve  the  5.  7  times 
9  =  63;  63  +  5  reserved  =  68;  write  the  8  and  reserve  the  6. 
7  times  2  =  14;  14  +  6  reserved  =  20;  write  the  0  and 
reserve  the  2.  7  times  0  =  0;  0  +  2  reserved  =2;  write 
the  2.  7  times  0  =  0;  0+0  reserved  =0;  write  the  0. 
7  times  7  =  49;  49  +  0  reserved  =  49 ;  write  the  49. 

To  multiply  by  the  1  ten  we  have  1  ten  times  8  units 
=  8  tens  and  0  units.  We  do  not  write  the  0  units,  but  write 
the  8  tens  under  the  8  tens  in  the  first  partial  product  above. 
We  next  multiply  1  ten  and  9  tens  =  90  tens  =  9  hun- 
dreds +  0  tens;  write  the  9  hundreds  under  the  0  hundreds 


I 
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of  the  firxt  partial  fM-udad  aborc  Again.  1  ten  tima 
2  hundredii  =  i  tboasuKk;  write  the  3  tbou&ands  under  the 
2  thousandf  abcn-e.  I  ten  time*  O  iboosands  =  0  ten- 
thnuKandd;  write  tbe  0  in  the  teo-tboosaDds  place.  1  tea 
times  0  ten-thousand*  =  O  hundred-thottsands;  write  theO 
in  the  hundred-thousand*  place,  l  ten  times  7  bundred- 
thouftands  =  T  milhonit;  write  the  7  in  the  millions  place. 
This  completes  the  second  partial  product.  Add  the  two 
purtial  pruducts;  their  mim  equals  the  entire  product, 
(f)  a  1  7  Multiply   any   two  of   the   numbers 

10  8        together,  and   multiply  their  product 
by  the  third  number. 


681 
000 
217 

aasfi  1 

AT 

TTbTm 

1  34  1  Oii 


(14)  If  your  watch  ticks  every  second,  to  find  how  many 
limes  it  ticks  in  1  week,  it  is  necessary  to  find  the  number  of 
sc^HMuIs  in  I  week. 

i>  0  seciinds  =  1  minute. 
tl  0  minutes  =  1  hour. 
S  il  >*  It  setxinds  =  I  hour. 
U  4  hours  =  1  day. 
\  4  4  IU> 
t  «  0  (> 

S  It  (  o  o  »<\»nds  =  I  diT. 
?  ib>^  =  I  week. 
^  V  i  S  U  M  ^rcvinds  in  I  «  rek.  or  the  number  of  times  that 
%vnt  watofe  :-  ks  in  a  week.     Ans. 

^l  If  Ml  ea^ict    Mfi  Kxkr  are  worth  ♦3.i4fi.  and 
«i  «v*Oi  tknv  tiaK$  as  mnch.  plus  #1,^00,  then 
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3246 

3  times 


97  38 
plus    12  0  0 

•  10  9  3  8  =  value  of  building. 

If  the  tools  are  worth  twice  as  much  as  the  building,  plus 
$1,875,  then  the  tools  are  worth 

10938 

2 

2  1876 
plus        18  7  5 

•  23751  =  value  of  tools. 

Value  of  building  =      10  9  3  8 
Value  of  tools         =      2  3  7  5  1 

•  34689  =  value  of   the  building 

(*)     Value  of  engine  and  tools.     Ans. 

and  boiler  =         3  2  4  6 
Value  of  build- 
ing and  tools  =      34689 

•  37935  =  value    of     the    whole 

plant.  Ans. 

(16)  {a)   8  4  )  9  6  2  8  4  2.0  0  0  0  (  1  1  4  6  2.4  0  4  7+ 

84  Ans. 

122 
84 


388 
336 


524 
504 


202 
168 


340 
336 


400 
336 


640 

588 

52 
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84  is  contained  once  in  96.  Place  1  as  the  first  figure  in 
the  quotient  and  multiply  the  divisor  84  by  it.  Subtract 
the  product,  which  is  84,  from  96,  leaving  a  remainder  of 
1*2.  Bring  down  the  next  figure  in  the  dividend,  which  is  2, 
and  annex  it  to  12,  making  a  new  dividend  of  122. 

84  is  contained  in  122  once.  Place  1  as  the  second  figure 
in  the  quotient  and  multiply  the  divisor  84  by  it.  Subtract 
the  product  (84)  from  122,  leaving  a  remainder  of  38.  Bring 
down  the  next  figure  in  the  dividend,  which  is  8,  and  annex 
it  to  38,  making  a  new  dividend  of  388. 

84  is  contained  in  388  4  times.  Place  4  as  the  third  figure 
in  the  quotient  and  multiply  the  divisor  84  by  it.  The  prod- 
uct is  336.  Subtract  the  product  from  388,  leaving  a 
remainder  of  52.  Bring  down  the  next  figure,  which  is  4, 
and  annex  it  to  52,  making  a  new  dividend  of  524. 

84  is  contained  in  524  6  times.  Place  6  as  the  fourth  figure 
in  the  quotient.  Multiply  the  divisor  84  by  it  and  subtract 
the  product  (504)  from  524,  leaving  a  remainder  of  20.  Bring 
down  the  next  figure,  which  is  2,  and  annex  it  to  20,  making 
a  new  dividend  of  202. 

84  is  contained  in  20*2  2  times.  Place  2  as  the  fifth  figure 
in  the  quotient.  Multiply  the  divisor  84  by  it  and  subtract 
the  product  (KJS)  from  20'2,  leaving  a  remainder  of  34.  If 
it  is  desired  to  carry  the  quotient  to  4  decimal  places,  annex 
4  ciphers  to  the  dividend  and  continue  in  the  same  way.  In 
the  quotient  point  off  as  many  decimal  places  as  there  are 
ciphers  annexed,  or,  in  this  case,  4  decimal  places. 

(*)  6  3  )  3  9  7  2  8.0  0  0  (  6  3  O.G  0  3+     Ans. 

3  7  8 


1  92 
189 


3  8  0* 

37  8 


200 
189 

1  1 
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*63  is  not  contained  in  38,  so  we  place  a  cipher  in  the 
quotient  and  bring  down  the  next  figure  in  the  dividend, 
which  is  a  cipher  that  has  been  annexed,  making  a  new  divi- 
dend of  380.  63  is  contained  in  380  6  times.  6  X  63  =  378. 
Subtracting  378  from  380  leaves  2.  Bringing  down  the 
next  figure  in  the  dividend,  we  have  20  for  a  new  dividend. 
63  is  not  contained  in  20,  so  we  place  a  cipher  in  the  quo- 
tient and  bring  down  the  next  cipher  in  the  dividend,  making 
a  new  dividend  of  200.     63  is  contained  3  times  in  200. 

(c)    108)29714.0000(275.1296  Ans. 
216 


811  (d)    135)406089.0000(3008.0666 
7  5  6  4  0  5  Ans. 


554  1089* 

540  1080 


140  900 

108  810 


320  900 

216  810 


1040  900 

972  810 


680  90 

648 


32 


*  135  is  not  contained  in  10,  so  we  place  a  cipher  as  the 
second  figure  in  the  quotient.  Bringing  down  the  next 
figure,  8,  and  annexing  it  to  10,  we  have  a  new  dividend  of 
108.  135  is  not  contained  in  108,  so  we  place  a  cipher  as 
the  third  figure  in  the  quotient  and  bring  down  the  next 
figure  in  the  dividend,  or  9,  and  annex  it  to  108,  making  a 
new  dividend  of  1,089.  135  is  contained  in  1,089  8  times. 
Write  8  as  the  fourth  figure  in  the  quotient.  Multiply  135 
by  8  and  subtract  the  product  (1,080)  from  1,089,  which 
leaves  a  remainder  of  9.  Bring  down  the  next  figure  in  the 
dividend,  which  is  a  cipher  that  has  been  annexed,  and  annex 


10  ARITHMETia  gl 

(t  to  tbe  remainder  9,  makiog  a  new  dividend  of  90.  As  135 
u  not  contained  in  VO,  we  place  a  0  in  tbe  quotient  and 
bring  down  another  cipher  from  the  dividend,  making  a  nev 
dividend  of  dOO.  135  is  contained  in  900  6  times.  Write  6 
A>  the  next  figure  in  the  quotient,  multiply  135  by  6,  and 
subtract  the  product  (810)  from  &<XI,  which  leaves  a 
remainder  of  no.  Bring  down  the  next  figure  (O)  in  the 
dividend  and  annex  it  to  the  remainder  90,  making  a  new 
dividend  of  ItOO.  135  is  contained  in  BOO  6  times.  Place  6 
as  the  next  figure  in  the  quotient  and  multiply  the  divisor 
by  it.  It  is  plain  that  each  succeeding  figure  of  the  quotient, 
will  be  6.  Point  off  /our  decimal  places  in  the  quotient, 
since  four  ciphers  were  annexed. 

(17)  If  in  1  hour  10  pounds  of  coal  are  burned  for  every 
square  foot  of  grate  area  and  9  pounds  of  water  are  evapo- 
ralrd  for  every  pound  of  coal  burned,  then  in  1  hour  there 
would  be  it  X  10  or  90  pounds  of  water  evaporated  for  1  sq.  ft. 
of  grate  area;  and  since  the  grate  area  Is  30  sq.  ft.,  the 
amount  of  water  evaporated  would  be  30  x  90  =  2,700  lb. 
Since  a. TOO  lb.  of  water  are  evaporated  in  1  hour,  in  a  day 
of  10  hours  there  would  be  10  X  2,700  lb.,  or  27,000  lb.  of 
water  evaporated. 

(IS)  If  a  mechanic  earns  (1,500  a  year  and  his  expenses 
are  ♦»«!*  per  year,  then  he  would  save  #1300  —  #968,  or 
taa^  per  year. 

1600 
968 

.  If  htnvmtSSl  in  I  year,  to  save  43,724  it  would  take  as 
«aft$SS3  iscoataiQcd  times  in  43,724,  or  7  years. 
ii-i  )  S7a4(  7  years.     An& 
ST  J4 


»>     («M«  X  *S  X  «  X  5)  -S-  <S4  X  15  X  7  X  6). 

tNr  oumeFiioc  OTer  the  denominator,  the  problem 
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72  X  48  X  28  X  fi 
84  X  16  X  7  X  6  ~ 

The  5  in  the  numerator  and  15  in  the  denominator  are 
both  divisible  by  5,  since  5  divided  by  5  equals  1  and  15 
divided  by  5  equals  3.  Cross  off  the  5 ;  also  cross  off  the 
15  and  write  the  3  under  it.     Thus, 

72x48x28xg 
84  X  ;^  X  7  X  6 
3 

72  in  the  numerator  and  84  in  the  denominator  are  divisible 
by  12,  since  72  divided  by  12  equals  6  and  84  divided  by  12 
equals  7.  Cross  off  the  72  and  write  the  6  07'er  it;  also, 
cross  off  the  84  and  write  the  7  under  it.     Thus, 

6 

JTjZ  X  48  X  28  X  ^  _ 

ft*x;?x7x6~ 
7       8 

Again,  28  in  the  numerator  and  7  in  the  denominator  are 
divisible  by  7,  since  28  divided  by  7  equals  4  and  7  divided 
by  7  equals  1.  Cross  off\}a&  28  and  write  the  4  over  it;  also, 
cross  off  the  7.     Thus, 

6  4 

jrjZx48x  jZ^X^_ 
?^  X  XI5  X  T  X  6 

jr     8 

Again,  48  in  the  numerator  and  6  in  the  denominator  are 
divisible  by  6,  since  48  divided  by  6  equals  8  and  6  divided  by 
6  equals  1.  Cross  off  the  48  and  write  the  8  over  it ;  also, 
cross  ^^the  6.     Thus, 

6  8        4 

jr  jZ  X  ^  X  ^3  X  jt  _ 

ftix;^x;x^" 

7  3 

Again,  6  in  the  numerator  and  3  in  the  denominator  are 
divisible  by  3,  since  6  divided  by  3  equals  2  and  3  divided  by 
3  equals  1.  Cross  off  the.  6  and  write  the  2  over  it ;  also,  cross 
off  the  3.     Thus, 
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<       8       4 

Hxl?xgxi_ 

M  X  15  X  T  X  «  ~ 


ScEoe  tbiere  are  jw  /slv  rrwanamg-  mmtmters  (ooe  in  the 
nunieracor  and  oac  in  tlic  denominator)  dizristbU  by  tfs/ 
number  except  I.  vitlioat  a  remainder,  it  is  imfassibieto 
cancel  further. 

ilultiflj  all  the  mmcmmceUd  ummAers  in  the  numerator 
together  and  divifiie  their  frodmti  bj  the  frcdmci  ol  all 
the  mmcamcfUJ  numbers  in  the  denominator.  The  result 
will  be  the  qm»tunt.  The  froJmci  of  all  the  mmcatueki 
numbers  in  the  numerator  eqnak  ^  X  8  X  4  =  M;  the  product 
of  all  the  uncanceUd  numbers  in  the  denominator  equals  7. 

2 

6       8       4 

„            T2x48x»xa      2x8x4     6*      q,       . 
Hence,    -j^ ^^ = — 3-  = = =  -=-=».     An& 

r^;      r^O  y  00  X  50  X  1^  X  14>  -r-  (70  X  50  X  24  X  20). 

Placing  the  numerator  over  the  denominator,  the  problem 

becomes 

SO  X  ^>0  X  50  X  16  X  14 

70  X  50  X  24  X  20 


—  > 


The  50  in  the  numerator  and  70  in  the  denominator  are 
lx>th  divisible  by  10,  since  50  divided  by  10  equals  5  and  70 
divided  by  10  equals  7.  Cross  off  the  50  and  write  the  5 
over  it ;  also,  cross  off  the  70  and  write  the  7  under  it.     Thus, 


o 
80  X  60  X  50  X  16  X  14 

70  x  50  X  24  X  20 

7 


Also,  80  in  the  numerator  and  20  in  the  denominator  are 
divisible  by  20,  since  80  divided  by  20  equals  4  and  20 
divided  by  20  equals  1.  Cross  offth^  80  and  write  the  4  oi'er 
it ;  also,  cross  off  the  20.     Thus, 
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4  6 

^p  X  60  X  ^M  16  X  14  _ 

jrp  X  50  X  24  X  ?P 

7 

Again,  16  in  the  numerator  and  24  in  the  denominator  are 
divisible  by  8,  since  16  divided  by  8  equals  2  and  24  divided 
by  8  equals  3.  Cross  off  the  16  and  write  the  2  over  it ; 
also,  cross  off  the  24  and  write  the  3  under  it.     Thus, 

4  5        2 

^p  X  60  X  ^0  X  ;0  X  14  _ 

;0  X  50  X  #  X  ^p      "" 

Again,  60  in  the  numerator  and  50  in  the  denominator 
are  divisible  by  10,  since  60  divided  by  10  equals  0  and 
50  divided  by  10  equals  5.  Cross  offlh^  60  and  write  the  6 
over  it ;  also,  cross  off  the  50  and  write  the  5  under  it.    Thus, 

4        6        5        2 
^0  X  00  X  ^0  X  ;0  X  14  ^ 

70  X  ^0  X  ^  X  520 
7        5        3 

The  14  in  the  numerator  and  7  in  the  denominator  are 
divisible  by  7,  since  14  divided  by  7  equals  2  and  7  divided  by 
7  equals  1.  Cross  off  the  14  and  write  the  2  over  it ;  also, 
cross  off  the  7.     Thus, 

4        6        5        2        2 
^0  X  00  X  ^0  X  ;0  X  ;4  _ 

;0  X  ^0  X  ^  X  520    "" 
jr     5     3 

The  5  in  the  numerator  and  5  in  the  denominator  are 
divisible  by  5,  since  6  divided  by  5  equals  1.  Cross  off  the 
5  of  the  dividend;  also,  cross  off  the  5  of  the  divisor.     Thus, 

4        6^22 

^0x00x^0x;0x;^^ 

jrp  X  ^0  X  524  X  520 

;    ^    3 

The  6  in  the  numerator  and  3  in  the  denominator  are 
divisible  by  3,  since  6  divided  by  3  equals  2,  and  3  divided 
by  3  equals  1.  Cross  off  the  6  and  place  2  over  it;  also, 
cross  off  the  3.     Thus, 


§1 


4       <i       »       f!       2 
7       »       Ji 


»  T  C-  X» 


=  4  vf  X  2  X  2  =  3i 


^  %  dr 


I  Ans. 


'i'        -     :?t:  r-*a4:Ts:  Tsur  Tar  SKij»  mfte?  in  one  week,  and 

:  :=xr-  ,i-  ^-T.    iju-^HiC  2t^»  mitts  :iiK-  next  week,  then  it  ran 

<.-^  nurtsH  —  5SAt  -mit^N.   cc  >4i*  Tnjtes  the  second  weeL 


•  '  ■ 

~    i  *  f 

::'s::i.r».^   r^.tir    I*xuaioehdda  to    Pittsburg  is 

-.     -,  --  -.-^  ^  i*^    :>t:  :r  I  mijr,  :::  S-vi  miles 

1*^     :-:  .     .*  :  -*»>  :i»    frt:       I:  ihe  driving 

-   ^     '  ^:^::  .T.  r-T-rr-Trrf-c^,  :r.  going 

•     -:  - -^    -.  irsri-T.-t  :■:  I.S'^i-.l'JO  feet, 

'^•*-i.      ll:>i,  rev.     Ans. 


'  -  < 


.-.  •* 


ARITHMETIC 

(PART  2.) 


(1)  See  Art.  1. 

(2)  See  Art.  6. 

(3)  See  Art.  3. 

(4)  See  Art.  3. 

(5)  V  is  an  improper  fraction,  since  its  numerator  13  is 
greater  than  its  denominator  8. 

(6)  H;  U^r.  B5tV. 

(7)  To  reduce  a  fraction  to  its  lowest  terms  means  to 
change  its  form  without  changing  its  value.  In  order  to 
do  this,  we  must  divide  both  numerator  and  denominator  by 
the  same  number  until  we  can  no  longer  find  any  number 
(except  1)  which  will  divide  both  of  these  terms  without  a 
remainder. 

To  reduce  the  fraction  |  to  its  lowest  terms,  we  divide 

both   numerator  and   denominator   by   4  and  obtain   as   a 

4—4  4—4 

result   the   fraction   1.     Thus,  -  *    .  =  i ;   similarly,  — ;  '    , 

*  '8^4*  ^'  16-f-  4 

__        jB^-^4_2-v-2_        32-^8_4-f-4__ 

""  *'  32-5-4~8-v-2""*'   64-^  8""8-^4""** 

(8)  When  the  denominator  of  any  number  is  not  expressed, 
it  is  understood  to  be  1,  so  that  {  is  the  same  as  6  4- 1,  or  6. 

§1 

For  notice  of  copjrright,  see  page  immediately  following  the  title  page. 
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To  reduce  f  to  an  improper  fraction  whose  denominator  is 

4,  we  must  multiply  both  numerator  and  denominator  by 

some  number  which  will  make  the  denominator  of  6  equal 

to  4.      Since  the   denominator  is  1,   by  multiplying  both 

6x4 
terms  of  4  by  4,  we  will  have  -      ^  =  Vi  which  has  the  same 

1X4 

value  as  6,  but  has  a  different  farm. 

(9)  In  order  to  reduce  a  mixed  number  to  an  improper 
fraction,  we  must  multiply  the  whole  number  by  the  denomi- 
nator of  the  fraction  and  add  the  numerator  of  the  fraction 
to  the  product.  This  result  is  the  numerator  of  the  improper 
fraction,  of  which  the  denominator  is  the  denominator  of  the 
fractional  part  of  the  mixed  number. 

7 J  means  the  same  as  7  +  f  •  I^  1  there  are  -| ;  hence,  in 
7  there  are  7  X  f  =  V-  -A-^d  the  -J  of  the  mixed  number 
and  we  obtain  -V  +  i  =  Vf  which  is  the  required  improper 
fraction. 

(10)  Each  stroke  of  the  engine  is  18  inches  in  length. 
Since  the  piston  makes  2  strokes  for  each  revolution,  it 
would  pass  over  a  distance  of   2  X  18  inches  =  30  inches, 

or  W  feet,   in    1    minute,   and    in   making 

4  8  0      ft.       100  revolutions  it  would  pass  over  160  X  3, 

X        0  0  or  4^0  ft.     Since  480  ft.  are  passed  over 

2  8  8  0  0  ft.      "^    I  minute,   in  1  hour,  or  60  minutes, 

^  the  distance  passed  over  equals  60  X  480 

=  28,800  ft.     Since  the  steam  engine  runs 
6  days  a  week  and  8^  hours  per  day,  the 


2  8  8  0  0  total  number  of  hours  it  runs   per  week 

1  4 JUK)^  =  (5  X  8i    or    61    hours.       If   the   piston 

14  6  8  8  0  0  passes   over  a    distance   of   28,800  ft.    in 

1    hour,  in   51   hours  it  would  pass  over 
51  X  28,800  ft.,  or  1,468,800  ft.     Ans. 

(11)     i+i+-5  =  -— !-"t-*^  =  |=l.     Ans. 
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When  the  denominators  of  the  fractions  to  be  added  are 
alike,  we  know  that  the  units  are  divided  into  the  same 
number  of  parts  (in  this  case  eighths) ;  we  therefore  add  the 
numerators  of  the  fractions  to  find  the  number  of  parts 
(eighths)  taken  or  considered,  thereby  obtaining  |,  or  1,  as 
the  sum. 

(12)  When  the  denominators  are  not  alike,  we  know  that 
the  units  are  divided  into  unequal  parts,  so  before  adding 
them  we  must  find  a  common  denominator  for  the  denomi- 
nators of  all  the  fractions.  Reduce  the  fractions  to  fractions 
having  this  common  denominator,  add  the  numerators,  and 
write  the  sum  over  the  common  denominator. 

In  this  case,  the  least  common  denominator,  or  the  least 
number  that  will  contain  all  the  denominators,  is  16;  hence, 
we  must  reduce  all  these  fractions  to  16ths  and  then  add 
their  numerators. 

J  + 1  +  tV  =  ^  ^^  reduce  the  fraction  J  to  a  fraction 
having  16  for  a  denominator,  we  must  multiply  both  terms 
of  the  fraction  by  some  number  which  will  make  the  denomi- 

1x4 
nator  16.     This  number  evidently  is  4,  hence,  j         =  ^\. 

Similarly,  both  terms  of  the  fraction  |  must  be  multiplied 

3x2 
by  2  to  make  the  denominator  16,  and  we  have  —         =  i\. 

o  X  2 

The  fractions  now  have  a  common  denominator  16;  hence, 

we  find  their  sum  by  adding  the  numerators  and  placing 

their  sum  over  the  common  denominator,  thus :  iV  +  iV  +  tV 

=  i±«±i  =  H.     Ans. 

(13)  When  mixed  numbers  and  whole  numbers  are  to  be 
added,  add  the  fractional  parts  of  the  mixed  numbers  sep- 
arately, and  if  the  resulting  fraction  is  an  improper  fraction, 
reduce  it  to  a  whole  or  mixed  number.  Next,  add  all  the 
whole  numbers,  including  the  one  obtained  from  the  addi- 
tion of  the  fractional  parts,  and  annex  to  their  sum  the 
fraction  of  the  mixed  number  obtained  from  reducing  the 
improper  fraction. 


n*  A3ITH3C£TIiC  |1 


5   «  ^ 

^frnnnrmgrar   ir  l»i.  tt^  osvi*  —      ^  =  i-i-      :\*^rrTTri3r  tbc  two 

T   <  1 


rracnnnai    parts  ir  me  Trrgrtr   Tmnngs^    we   ixzve -||^^^ 

Tie  anbieai  mw  becomes  -fil  -;-  31  —  *^  —  I^  =r  ? 

Aiiiimg  ill  irte  -wiiiJie  TTHTrn^rs  ami  lie  aiiiTr  ber  obcained 
fr^m  adiiimr  "i^  rraccional  paris  of  rrre  znxsed  asxnbers,  we 
octarn  '^'l^  as  rieir  smrr 

SI 

*  —  ^    ,^—  tr      tr  —  TT^TT—  f;;^  —  ft  —  ^ir 

Th-  zr   : :-~  '    tt  itr-:   mes  •*>  —  .v>  —  41  —  o,-»  —  l^i^^  =  ? 


-:«  '•      5*zu^re  inches. 
4  i       :?«z*-:are  incnes. 

~»      -  ■  • 

1  .*j  >*q--:are  inches. 


^  • 


^  v^*^  square  inches.     Ans. 


Ho)  t  —  V  —  '  When  :he  denominators  of  fractions  are 
H'/t  alike,  it  is  evident  that  the  units  are  divided  into  unequal 
parts;  therefore,  bet'^re  subtracting,  reduce  the  fractions  to 
frartion^  having  a  common  denominator.  Then,  subtract 
the  numerators  and  place  the  remainder  over  the  common 
denominator. 

7  /  -^^  _  ,^  .    _  U-  7_   , 
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13—  7-^==  ?    This  problem  may  be  solved  in  two  ways: 

First :  13  =  1^,  since  H  =  1»  and  \%\\  =  12  +  ^  = 
12  +  1  =  13. 

12||^        We   can  now  subtract  the   whole   numbers   sepa- 
7^    rately  and  the  fractions  separately,  and  obtain  12  —  7 

5iV     =5andH-^  =  i^^  =  A.     6  +  ^  =  5,^.     Ans. 

Second:  By  reducing  both  numbers  to  improper  fractions 
having  a  denominator  of  16. 

1o_i3_13Xl6_  (7xl6)  +  7_112  +  7_ 

Subtracting,    we   have  ^  —  ^^  = — —  =  f|,  and 

|-|.  =  16)89(5^  the  same  result  that  was  obtained  by  the 

80  first  method. 

"^  3123V  —  229^^  =  ?      We  first  reduce  the 

—  fractions  of  the  two  mixed  numbers  to  frac- 

^  tions  having  a  common  denominator.   Doing 

this,  we  have  A  =  7-;;      «  =  i4-     We  can  now  subtract  the 
'  ^      16  X  2      " 

whole  numbers  and  fractions  separately,  and  have  312  —  229 
=  83  and  il  -  A  =  ^'^g-^  =  if     83  +  ii  =  83H.     Ans. 

312i| 

83H 

(16)  In  division  of  fractions,  invert  the  divisor  (or,  in 
other  words,  turn  it  upside  down)  and  proceed  as  in  multi- 
plication. 

QK    V    -If! 

{a)     35-j-tV=^X-«^=-J^=H^=112.     Ans. 
(b)     ^-3  =  TV-f  =  T«rXi  =  ^^  =  A  =  A.     Ans. 
{c)     V-9  =  -V^H-|  =  -V^Xl  =  ^^  =  -H.     Ans. 


/.   /v-«l 


fl 


»l  Itlttf  t 


5Fr  cilftt  —  -WW*. 


11 

III 

.Ti  1  = 

sill 

esse 

s  ^  ^  ^ 

.••«!=:  Jar 

if 


«  3 
s 


.  0  ♦>  »>  ••  2  7=  T'2:€n:^'S€Ttm  mlUiontliSL 


.55 


5i  5^ 


.010^  =  One  kundrtd  eUnt  ten-tll01l9aiMltllS. 


*  2  c 

^   —   •» 

c  s   c   C 
«<  ::  ^  b 

9  3.0  1  0  1  =  Ninety-three  and  ^;/<^^2/////r/'//^«r/'ten-thoii9andtliS. 

In  reaflinj(  decimals,  read  the  number  just  as  you  would 

if  there  were  no  ciphers  before  it.     Then  count  from  the 
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decimal  point  towards  the  right,  beginning  with  tenths,  to 
as  many  places  as  there  are  figures,  and  the  name  of  the 
last  figure  must  be  annexed  to  the  previous  reading  of  the 
figures  to  give  the  decimal  reading.  Thus,  in  the  first 
example  given,  the  simple  reading  of  the  figure  is  eight  and 
the  name  of  its  position  in  the  decimal  scale  is  hundredths, 
so  that  the  decimal  reading  is  eight  hundredths.  Simi- 
larly, the  figures  in  the  fourth  example  are  ordinarily  read 
twenty-seven;  the  name  of  the  position  of  the  figure  7  in 
the  decimal  scale  is  millionths,  giving,  therefore,  the  decimal 
reading  as  twenty-seven  millionths. 

If  there  should  be  a  whole  number  before  the  decimal 
point,  read  it  as  you  would  read  any  whole  number  and 
read  the  decimal  as  you  would  if  the  whole  number  were 
not  there;  or,  read  the  whole  number  and  then  say  **and  '* 
so  many  hundredths,  thousandths,  or  whatever  it  may  be, 
as  **  ninety-three  and  one  hundred  one  ten-thousandths." 

(4)  In  addition  of  decimals,  the 
decimal  points  must  be  placed  directly 
under  each  other,  so  that  tenths  will 
come  under  tenths,  hundredths  under 
hundredths,  thousandths  under  thou- 
sandths, etc.  The  addition  is  then 
performed  as  in  whole  numbers,  the 
decimal  point  of  the  sum  being  placed  2.2  1  4  5  2  7  Ans. 
directly  under  the  decimal  points 
above. 

(5)  I 

a  S  o  c  5  ::: 
*  S  •(3  «  S  fl 

■M     iQ     4-*     4-*     iQ      M 

.0  17 

.2     • 

.00  0  04  7 


.125 

.7 

.0  8  9 

.40  0  5 

.9 

.0  0002  7 

.217047=  Two  hundred  and  seventeen  thousand 

and  forty-seven  miUiontlis.     Ans. 
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(6)     (a)  In  subtraction  of    decimals,  place  the  decimal 

points    directly    under  each   other 
and  proceed  as  in  the  subtraction  of 

' whole  numbers,  placing  the  decimal 

7  0  8.7  7  8  6    Ans.    point    in    the    remainder    directly 
under  the  decimal  points  above. 

In  the  above  example,  we  proceed  as  follows :  We  cannot 
subtract  4  ten-thousandths  from  0  ten-thousandths,  and  as 
there  are  no  thousandths,  we  take  1  hundredth  from   the 
3  hundredths.      1  hundredth  =  10  thousandths  =  100  ten- 
thousandths.     4  ten-thousandths  from  100  ten-thousandths 
leaves  96   ten-thousandths.     96   ten-thousandths  =  9  thou- 
sandths +  6  ten-thousandths.     Write  the  6  ten-thousandths 
in  the  ten-thousandths  place  in  the  remainder.     The  next 
figure  in  the  subtrahend  is  1   thousandth.     This  must  be 
subtracted  from  the  9  thousandths  which  is  a  part  of  the 
1  hundredth  taken  previously  from  the  3  hundredths.     Sub- 
tracting, we  have  1  thousandth  from  9  thousandths  leaves 
8  thousandths,  the  8  being  written  in  its  place  in  the  remain- 
der.    Next  we  have  to  subtract  5  hundredths  from  2  hun- 
dredths (1   hundredth  having  been  taken  from  the  3  hun- 
dredths leaves  but  *2  hundredths  now).     Since  we  cannot  do 
this,  we   take    1    tenth   from   6  tenths.     1    tenth  =  10  hun- 
dredths, and  10  hundredths  +  2  hundredths  =12  hundredths. 
5   hundredths   from    12   hundredths   leaves   7   hundredths. 
Write  the  T  in  the  hundredths  place  in  the  remainder.     Next 
we  have  to  subtract  8  tenths  from  5  tenths  (5  tenths  now, 
because  1  tenth  was  taken  from  the  6  tenths).     Since  this 
cannot  be  done,  we  take  1  unit  from  the  9  units.     1  unit  = 
10  tenths.     10  tenths  +  ♦'>  tenths  =  15  tenths,  and  8  tenths 
from  15  tenths  leaves  7  tenths.     Write  the  7  in  the  tenths 
place    in    the    remainder.     In   the   minuend    we   now   have 
708  units  (1  unit  having  been  taken  away)  and  0  units  in  the 
subtrahend.     0  units  from  708  units  leaves  708  units;  hence, 
we  write  708  in  the  remainder.  ^ 

(d)     8  1.9  6  3  {c)     18.0  0  (d)     1.0  0  0 

1.7  0  0  .18  .0  0  1 


8  0.2  6  3    Ans.  1  7.8  2    Ans.  .9  9  &     Ans. 
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(e)     872.1  -  (.8721  +  .008)  =  ?     In  this  problem  we  are  to 
subtract    (.8721 +  .008)    from   872.1.      J'irst 
perform   the   operation  as  indicated  by  the       o  0  8  0 

sign  between  the  decimals  enclosed  by  the     

parenthesis.  •»  «  «  1  ^«'«- 

Subtracting  the  sum   (obtained  by  adding  the  decimals 

8  7  2  10  0  0  enclosed  within  the  parenthesis)  from 

g  g  Q  2  the  number  872.1  (as  required  by  the 

minus  sign  before  the  parenthesis), 

8  7  1.2  1  9  9     Ans.      ^^  obtain  the  required  remainder. 


5.02  80 
.00  7  3 


(/)     (5.028  +  .0073)  -  (6.704  -  2.38)  =  ?     First  perform 
the  operations  as  indicated  by  the  signs 
between   the    numbers   enclosed   by   the 
parentheses.     The  first  parenthesis  shows 
that  5.028  and  .0073  are  to  be  added.     This         5.0  3  5  3  sum, 

g  IV  Q  ^  gives  5.0353  as  their  sum. 

2  3  o  A  The  second  parenthesis  shows  that 

2.38  is  to  be  subtracted  from  6.704. 

4.3  2  4  dif,  rjs^^  difference  is  found  to  be  4.324. 

The   sign   between    the    parentheses  indicates   that     the 
quantities   obtained    by  performing  5  0  3  5  8 

the  above  operations  are  to  be  sub-  4  3  2  4  0 

tracted — namely,  that  4.324  is  to  be  

subtracted  from  5. 0353.     Performing  .7113   Ans. 

this  operation,  we  obtain  .7113  as  the  final  result. 

(7)     If  the  cost  of  the  coal  consumed  by  a  nest  of  steam 

boilers  amounts  to  $15.83  on  Monday,  to 
^    *  $14.70  on  Tuesday,  to  *14.28  on  Wednes- 

14  2  8  ^^^'  ^^^  *13.87  on  Thursday,  to  *14.98  on 

*     ^  Friday,  and  to  $12.65  on  Saturday,  then 

we  find  the  total  cost  of  the  week's  supply 
by  adding  the  different  amounts  together; 

: hence,  $15.83  +  $14.70  +  $14.28  +  $13.87 

$  8  6. 3  1     Ans.      +  $14. 93  +  $12. 65  =  $86. 31. 


(8)     482|  +  316i  +  390i  =  what  ? 


1  $  0  •>       rcprc9C3C5  chc  actnal  boraepovcr  r 

1  1  ii)  >  }  {  rcpresesLS  tbe  indicated  horsepower  of  the  mgines 

in  ase. 


3  I  0  T^f .  or  31').  1  i}  =  the    H.    R   to  be  dcrek^Nid  by  the 

new  engine.     Ans. 


I 
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7 
■At  reduced  to  its  eauivalent  decimal  =  —  ^ 

^      CUUV^CU    tU  1W»  CHUlVaiCliW  UCV^lliicti  60)    7. 00    (.11} 

60 

100 
60 


.001391     Ans. 


6  0  "  3* 

(9)  Since  the  inside  diameter  of  the  steam  pipe  is 
6.06  inches  and  the  outside  diameter  is  6.62  inches,  there 
is  a  difference  of  6.6%  —  6.06,  or  .56  of  an  inch,  in  both  diam- 
eters. But  .56  of  an  inch  is  just  twice  the  thickness  of  the 
pipe;  hence,  the  pipe  is  i  of  .56,  or  .28  of  an  inch  thick. 

(10)  (a)  There  are  3  decimal  places  in  the  multiplicand 
.10  7  and  3  in  the  multiplier;  hence,  there 
.0  13                      are  3  +  3,  or  6,  decimal  places  in  the 

g  2  1  product.     Since    the    product    con- 

I  Q  w  tains  but  four  figures,  we  prefix  two 

ciphers  in  order  to  obtain  the  neces- 
sary 6  decimal  places. 

(b)  2  0  3  There  are  2  decimal  places  in  the 
^•0  3  multiplier  and  none  in  the  multipli- 
6  0  9                      cand ;  hence,    there  are   2  +  0,  or  2, 

0  0  0  decimal  places  in  the  first  product. 

4  0  6  Since  in  the  second  multiplication 

there  are  2  decimal  places  in  the  mul- 
tiplicand and  3  decimal  places  in  the 
multiplier,  there  are  3  +  2,  or  5,  deci- 
12  3  6  2  7  mal  places  in  the  second  product. 

0  0  0  0  0  •  When  there  are  one  or  more  ciphers 

8  2  4  18  in  the  multiplier,   multiply  just  the 

8  3.6  5  4  2  7     Ans.  same  as  with  the  other  figures. 

(c)  First  perform  the  operations  indicated  by  the  signs 
between  the  numbers  enclosed  by  the  parentheses,  and 
then  whatever  may  be  required  by  the  sign  between  the 
parentheses. 


4  1  2.0  9 
.2  0  3 
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ill.  The  first   parenthesis    shows   that 

'^  ■'  '^  y  5  the  numbers  2.7  and  31.85  are  to  be 

^  ■i  "!  ii  multiplied  together. 
8  5.9  9  5 

The  second  parenthesis  shows  that 

.31K  is  to  he  taken  from  3.1(i.  ^ - 

3.  S  4  ■( 

The  product  obtained   by  performinj;  the  operation  indi- 

a  b.9  9  a  caled    by    the   signs    within   the    first 

a. 8  4  4  parenthesis  is  now  multiplied  by  the 

3  4  3  9  8  1)  remainder  obtained  by  performing  the 

3  4  3  El  8  0  operation  indicated  by  the  signs  within 

6  8  7  9  6  0  ^^^  second  parenthesis. 

1  7  1  it  9  0 


(d)      (107.S  +  6.fi41  - 


1  1  4.3  4  1 
-      3  1.96 


31 

»{i 

X  1.742=  ? 

8  3. 3  8  1 

X       1.7  4  2 

1647  63 

339524 

5  7  6667 

83381 

1  4  3.507  702 

Ans. 

(11)     If  one  3-inch  tube  measures  15J  ft.  in  length,  60  of 

these   tubes   would   measure   60  X  ISJ   ft,,   or 

15  1  930  ft.  in  length.     If  1  foot  of  tubing  heats  a 

6  0  surface  of  .728  sq.  ft.,  then  it  is  evident  that 

9  0  0  930  ft.  of  tubing  would  heat  a  surface  of  930 

3  0  X  .728  ft.,  or  677.04  sq.  ft. 

9  3  0  ft.  .7  2  8 

930 
3  1840 
6  5  5  3 


6  7  7.0  4  0  sq.  ft. 
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(12)     («)  1  =  7 -i- tV  =  7  X -"^i  =  ^^  = -4^  =  37i. 

^  Ans. 

The  heavy  line  indicates  that  7  is  to  be  divided  by  ^. 

15  3 

^'     5  ~  32  ■  8  ~  32  ^  5  ~  32  X  5  ~  4  ~  •  '^" 


W 


"8"  4 

1.25  X  20  X  3      ,      In    this    problem    1.25x20x3 

87  +  88       ~  '  constitutes  the  numerator  of   the 

459  -|-  32  complex  fraction. 

1.2  S 

X  2  0 

Multiplying  the  factors  of  the  numerator 

together,  we  find  their  product  to  be  75. 
X         *> 

87  4-  88 
The   fraction     .^^   ,    ,,    constitutes   the    denominator    of 

459  -\-  o2 

the  complex  fraction.     The  value  of  the  numerator  of  this 

fraction  equals  87  +  88  =  175. 

The  value  of  the  denominator  of  this  fraction  is  equal  to 

459  4-  32  =  491.     The  problem  then  becomes 

75  3 

Jo^_J^_75^175_75      491  _  Vp  X  491  __  1,473  __       3 

175  "  175  ~  1    •  491""  1  ^175~      ;,75  7  7* 

491      491  7  Ans. 

(13)  The  pitch  of  the  rivets  is  the  distance  between  the 
centers  of  the  rivets.  Hence,  since  the  distance  around  the 
cylindrical  boiler  is  166.85  in.,  and  there  are  72  rivets  in  one 
of  the  seams,  the  pitch  of  the  rivets  equals  166.85-7-72 
=  2.317+ in.     Ans. 

7  2)  1  6  6.8  5  0  (2.3  1  7+ 
144 
228 
216 


125 

72 


530 

504 

26 


F 
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(U)     If    a    keg    containing    133    boiler    rivets    weighs 

100  pounds,  then  each  rivet  must  weigh  as  much  as  133  is 

contained  times  in  100,  or  .75  of  a  pound. 

13  3)  100.00  (.rs-l-     Ans. 

9  3  1 

C  90 

ti  6  5 

~25 

Since   there   arc   2   decimal   places   in   the  dividend  and 

0  decimal   places  in   the   divisor,  we  must  point  off  2  —  0 

=  2  decimal  places  in  the  quotient,  or  answer. 

<■■''    •«"  =  I^  =  W!  =  iof«f<»t- 

1  foot  =  12  inches. 

8 

J  of  1  foot  =  Ix^=5  =  10J  inches.     Ans. 

u 

(10)     13  inches  =  1  foot. 
A  of  an  inch  =  A  -5- 


6  4  )  1.0  0  0  0  0  0  (.0  1  5  6  2  5     Ans, 


Point  off  6  decimal  places  in 
the  quotient,  since  we  annexed 
six  ciphers  to  the  dividend,  the 
divisor  containing  no  decimal 
places ;  hence,  6  —  0  =  6  places 
to  be  pointed  off. 
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(17)  The  total  horsepower  developed  equals  48.63 
+  45. 7  +  46. 32  +  47. 9  +  48. 74  +  48. 38  +  48. 59  =  334. 26. 

Since  the  horsepower  developed  equals  334.26,  then  the 
average  horsepower  developed  must  equal  334.26  -f-  7,  or 
47.75+  H.  P. 

4  8.6  3 

4  5.7 

4  6.3  2 

4  7.9 

4  8.7  4 

4  8.3  8 

4  8.5  9 


7  )  3  3  4.2  6 

4  7.7  5+     Ans. 


ARITHMETIC. 

(PART  4.) 


(1)  A  certain   per  cent,   of   a   number   means  so  many 
hundredths  of  that  number. 

25^  of   8,428  lb.  means  25  hundredths  of  8,428  lb.     ^ 
=  .25.     Hence,  8,428  lb.  X  .25  =  2,107  lb.     Ans. 

(2)  i^  means  one-half  of  1  per  cent.     Since  Iji  is  .01,  ^ji 
is  .005,  for  ^  ^-4-^-     And  *35,000  X  .005  =  $175.     Ans. 

U  0  D 

*  3  5  0  0  0 
.0  0  5 


•  1  7  5.0  0  0 


(3)  If  2  is  a  certain  per  cent,  of  50,  then  50  multiplied 
by  a  certain  rate  gives  a  product  of  2,  and  that  rate  is  equal 
to  2  divided  by  50.     Dividing  2  by  50, 

the  quotient  is  .04,  which  means  that    5  0  )  2.0  0  ( .0  4   Ans. 
2   is   4j^   of   50,   or,  since   percentage  2  0  0 

=  base  X  rate, 

rate  =  percentage  -^  base 

=  2  -^  50  =  .04,  or  4^.     Ans. 

(4)  Since  percentage  =  base  x  rate,  rate  =  percentage 
-T-  base. 

As  percentage  =  10  and  base  =  10,  we  have  rate  =  10 
-T- 10  =  1. 

"^OT  notice  of  copyright,  see  page  immediately  following  the  title  pa^e. 


Bat  l=:Hf  »^  Hf  =  l*B^;  k«oe,  the  nte  (1)  meam 
that  10  u  lOO^  o€  10. 

^^j  Smce  $,M0  Dn  iquCTent  aa  inarcase  of  IM  om  the 
cmasamptioa  when  the  rnmiriwcr  is  watd^  ^500  lb.  most  be 
the  ^unount,  .U  the  rate,  and  the  mmbrr  of  |M>^ii|iK  oon- 
samed  iriien  the  rnmifnacr  is  imimiig  (to  be  fovmd)  the 


Base  s  amount -s- (1  +  nte)  =  S,MO -£- (1  +  .15) 
^  5,500  -s- 1.15  =s  4^782.61  Dn,  nearij.     An& 

1.1  5)550  0.0  000(478  2.6  1 
460 

600 
805 


050 
OSO 


800 
ISO 


700 
690 


100 
115 


Or,  this  problem  could  also  have  been  solved  as  follows: 
100;^  =  the  number  of  pounds  consumed  when  the  con- 
denser is  running.  If  there  is  a  gain  of  15}^,  then  100^  +  15j<, 
or  115;i^  =  o,oOO  lb.,  the  amount  used  when  the  condenser 
is  not  running.  If  lloj^  =  5,500  lb.,  If  =  ^i-f  of  5,500 
=  47.8201  lb.,  and  100^  =  100  X  47.8261  =  4,782.611b.  Ans. 

(6)  24  f  of  1950  =  950  X  .24    =  1228 

12i^of  1950  =  950  X  .125=    118.75 
17  ^  of  1950  =  950  X  .17    =    161.50 

5:^^  of  1960  =  (508.25 

The  total  amount  of  his  yearly  expenses,  then,  is  t508.25; 
hence,  his  savings  are  1950  —  $508.25  =  $441.75.     Ans. 
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Or,  as  above,  M^  +  l^^  +  17j^  =  53ijt,  the  total  percent- 
age of  expenditures ;  hence, 

•950  X  .535  =  1508.25,  and 

♦950  —  ♦508.25  =  *441.75  =  his  yearly  savings.     Ans. 

(7)     The  percentage  is  961.38  and  the  rate  is  .37^. 

Base  =  percentage  -?-  rate 

=  961.38  -7-  .375  =  2,563.68,  the  number.     Ans. 

.3  7  5)  9  6  1.3800  0  (25  6  3.6  8 
750 


2  113 

Another  method  of  solv-  18  7  5 

ing  is  the  following:  0388 

If  37^^  of  a  number  is  2  2  5  0 

961.38,  then  .37^  times  the  ^ 

number  =  961.38   and   the  13  8  0 

number  =  961.38  -r-   .37^,  1  I '2  6 

which,  as  above  =  2,563. 68.  2  5  5  0 

Ans.  2  2  5  0 


3  0  0  0 
3  0  0  0 


(8)  298  revolutions  per  minute  with  the  load  =  base, 
.01^  =  rate,  and  the  amount  (to  be  found)  will  equal  the 
speed  of  the  engine  when  running  unloaded. 

Amount  =  base  X  (1  +  rate) 

=  298  X  (1  +  .015)  =  302.47  rev.  per  min.     Ans. 

2  9  8 
X      1.0  1  5 


149  0 
2  9  8 
0  0  0 

2  9  8 

3  0  2.4  7  0 


/.    /.— W 


4  ARITHMETIC.  §  % 

(9)  4  yd.  2  ft.  10  in.  to  inches. 
X      _3 

1  2  Since    there   are    3    feet   in 

-{-        2  1  yard,  in  4  yards  there  are  4x3 

Y^  l^^l  feet,  or  12  feet.     12  feet  plus 

—  There  are  12  inches  in  1  foot; 

*  ^  therefore,  in  14  feet  there  are 

^^  12X14,  or  168  inches.  168  inches 

16  8  plus   10  inches  =  178  inches. 

+     10 

17  8  inches.     Ans. 

(10)  1  2  )3722  inches. 

.     3  )  3  1  0  +  2  inches. 
10  3  +  1  foot. 

Ans.  =  103  yd.  1  ft.  2  in. 

Explanation. — There  are  12  inches  in  1  foot;  hence,  in 
3,7"22  inches  there  are  as  many  feet  as  12  is  contained  times 
in  3,722,  or  310  feet  and  2  inches  remaining.  Write  2  inches 
as  a  remainder.  There  are  3  feet  in  1  yard;  hence,  in 
310  yards  there  are  as  many  feet  as  3  is  contained  times 
in  310,  or  103  yards  and  1  foot  remaining.  Hence,  in 
3,722  inches  there  are  103  yd.  1  ft.  2  in. 

(11)  17  2  8  )  7  0  4  3  2  5  cu.  in. 

2  7  )  442  +  549  cu.  in. 

1  6  cu.  yd.  +  10  cu.  ft. 

Ans.  =10  cu.  yd.  10  cu.  ft.  549  cu.  in. 

Explanation. — There  are  1,728  cubic  inches  in  1  cubic 
foot;  hence,  in  704,325  cu.  in.  there  are  as  many  cubic  feet 
as  1,728  is  contained  times  in  764,325,  or  442  cubic  feet 
and  549  cubic  inches  remaining.  Write  the  549  cubic  inches 
as  a  remainder.  There  are  27  cubic  feet  in  1  cubic  yard; 
hence,  in  442  cubic  feet  there  are  as  many  cubic  yards  as  27 
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is  contained  times  in  442  cubic  feet,  or  16  cubic  yards  and 
10  cubic  feet  remaining.  Then,  in  764,325  cubic  inches 
there  are  16  cu.  yd.  10  cu.  ft.  549  cu.  in. 

(12)  T.     cwt.     lb.  Since     in    1    ton    there    are 

20  cwt.,   in   16  tons  there   are 

16  X  20  =  320   cwt.      320   cwt. 

+  8  cwt.  =  328  cwt.     There  are 

-|-  8  100    lb.    in    1    cwt. ;    hence,    in 

328  cwt.  there  are  328  X  100 
=  32,800  lb.  32,800  lb.  +  75  lb. 
=  32,875  lb.     Ans. 


T.     cwt. 

lb. 

16       8 

75 

20 

+ 


320 

8 

3  2  8  cwt. 

100 

3  2  8  0  0 

75 

3  2  8  7  5  lb.     Ans. 


(13)  10  0  )  25  39  6  lb. 

2  0  )  2  5  3  cwt.  +  96  lb. 
1  2  T.  +  13  cwt. 

There  are  100  lb.  in  1  cwt. ;  hence,  in  25,396  lb.  there  are 
as  many  cwt.  as  100  is  contained  times  in  25,396,  or  253  cwt. 
and  96  lb.  remaining. 

There  are  20  cwt.  in  1  ton,  and  in  253  cwt.  there  are  as 
many  tons  as  20  is  contained  times  in  253,  or  12  tons  and 
13  cwt.  remaining.  Hence,  25,396  lb.  =12  T.  13  cwt. 
96  lb.     Ans. 

(14)  Arrange  the  different  terms  in  columns,  takinjif  care 

to  have  like  denominations  in  the 
same  column.  We  bej^in  to  add 
at  the  right-hand  column.  7  +  9 
-j-  3  =  19  in. ;  since  12  in.  =  1  ft., 
19  in.  =  1  ft.  and  7  in.  Place  the 
8         0         7      Ans.      7   in.    in   the    inches  column    and 

reserve  the  1  ft.  to  add  to  the  sum 
of  the  feet.  2+1  +  2  +  1  (reserved)  =  6  ft.  Since  3  ft. 
=  1  yd.,  6  ft.  =  2  yd.  and  0  ft.  remaining.  Place  the  0  in 
the  feet  column  and  reserve  the  2  yd.  to  add  tr)  the  sum  of 
the  yards.  4  +  2  }-  2  (reserved)  =  8  yd.,  which  we  place  in 
yards  colunm.     Ans.  =  8  yd.  7  in. 


yd. 

ft. 

in. 

2 

2 

3 

4 

1 

9 

2 

7 

§s 


^ik.■^      .t:  C3 


9    OL  = 


4C 

+ 


>  V.       «      <l 


•\      ^ 


:2inc»-  rii 


■irm?. 


od  is  sold  at  one 

3qi.  at  anodier 

s   sold 

♦  — l  =  l|it.  We 

I  ;c.  to  anv  higher 

it  nnder 

3c:-  ~t€fL  =5qt 

f  I  qt.  mnaifimg. 

1  gaL  toadd 

•rcscmtfi  =  :J?  gal 

3U,or 
'    1  qt.  1  pt 
thedif- 
4  rs^  1  DC     31.5  gaL 
i  ^.  S3ce  .5  =  I,  and 
=  t  <^  *  qt_  =  «  qL 
lake  1  qt.  from 
ipt.  =  lpt 
took  1  qt.  from 
~  1.  <r  1  qt.     1  qt-  from 

rts  o.'lumn. 

'..  under  the 

1   pt.  of 


r^ers. 


e  :i:ace 


.::r:ii;:-:i  ::  ir.e  muiti- 


.....••.• 


?1  \  :?  =  Iao  in.     Since 

:bt^>^  inr  as  many  feet  as 

t  ft-  Arc  y  in.  remaining. 

r^rt^^rvethel^ft.    51x17 

cll  =  >:y  ft.     bli*  ft. 
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can  b^  reduced  to  higher  denominations  by  dividing  by  3  ft. 
to  find  the  number  of  yards,  and  by  5J  to  find  the  number 
of  rods. 

3  )  8  7  9  ft.  9  in. 

5.5  )  2  9  3  yd. 

5  3  rd.  H  yd. 

Then,  879  ft.  9  in.  =  53  rd.  1^  yd.  0  ft.  9  in.,  or  53  rd.  1  yd. 
2  ft.  3  in. 

(17)     Since  2.  pt.  =1   qt.,   3  qt.  =  3  X  2,  or  6  pt.     0  pt. 
+  1  pt.  =  7  pt.     4.7  X  7  =  32.9  pt.     Ans. 


qt. 

pt. 

7pt 

3 

1 

4.7 

X  2 

49 

6 

28 

+  1 

3  2.9  pt 

7pt. 

(18)     If  there  are  four  lengths,  each  15  ft.  5  in.,  15  ft. 
5  in.  X  4  =  60  ft.  20  in.,  or  the  length  of  the  four  pieces. 


1  5  ft.        5  in. 
4 


ft. 

in. 

60 

20 

14 

8 

8 

10 

6  0  ft.     2  0  in. 
8  2         3  8,  or  85  ft.  2  in.  =  the  length  of  the  shaft. 

From  the  length  of  the  shaft  we  must  subtract  8  in.  x  2 
16  in.  to  get  the  distance  between  the  end  hangers. 


ft. 

in. 

82 

38 

1  6 

8  2         2  2,  or  83  ft.  10  in. 

Since  there  are  six  hangers,  there  are  ^ve  spaces.     The 
length  of  one  space  is  83  ft.  10  in  -r-  5  =  16  ft.  9\  in.     Ans. 


mmm 


^^:ted 


'BtegiUkt^tfaM 


iSS -^  L  S  =  CW  ipsi«s  between  the 
r^vws.  But  iinte  t^jm;  will  be  one 
31UTC  rivet,  rhan  d«  aamber  <rf 
ip<B:s&  die  immftttT  ot  zirvts  re- 
4uinM  ajr  ihis  boQsc  sfetC  will  be 


ARITHMETIC 

(PART  5.) 


(1)  To  find  the  second  power  of  a  number,  we  must  mul- 
tiply the  number  by  itself  once;  that  is,  use  the  number 
twice  as  a  factor.  Thus,  the  second  power  of  108  is  108 
X  108  =  11,664. 

108 

108 


864 
108 


116  6  4  Ans. 


181.25 
181.26 


(2)    The  third  power  of  181.25 

equals  the  number  obtained  by 

9  06  25  using  181.25  as  a  factor  three 

3  6  2  5  0  times.      Thus,  the  third  power 

18125  of     181.25    is     181.25x181.25 

145  00  0  X  181.25  =  5,954,345.703125. 

1812  5  Since    there    are    2    decimal 

3285156  25  places  in  the  multiplier  and  2 

18125  ^^  ^^^  multiplicand,   there  are 

2  +  2  =  4  decimal  places  in  the 

1642678126  first  product. 

667031260  gince    there    are    4    decimal 

328616  6  36  ^^^^^^  j^  ^j^^  multiplicand  and 

26  28125  00  0  2   in  the   multiplier,  there  are 

328516626  4  +  2  =  6  decimal  places  in  the 

595434 6.703126  Ans.  final  product. 

For  notice  of  copyrig^ht,  see  page  immediately  following  the  title  page. 
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Since  there  are  6  decimal  places  in  the  multiplicand  and 
3  in  the  multiplier,  we  should  point  off  6  +  3  =  9  decimal 
places  in  the  final  product. 

W     ar  =  iXiXi  =  3^3^3  =  -^T>     Ans.  ^     ^ 

64 
X      8 


6  12 


(//)  To  find  any  power  of  a  mixed  number,  first  reduce  it 
to  an  improper  fraction,  and  then  multiply  the  numerators 
together  for  the  numerator  of  the  answer  and  multiply  the 
denominators  together  for  the  denominator  of  the  answer. 

(3})'  =  J^  X  Y  X  V-  =  ^^/xix""/^  =  ^  =  52.734375. 

Ans. 
q.  _  (3  X  4)  +  3  _  12  +  3  _    , 

15       64)337  6.0  00000(6  2.7  34375 
15  320 


75  175 

15  128 


225  470 

15  448 


1125  220 

2  2  5  192 


3375  280 

25  6 


240 
192 


480 
448 


320 
3  20 


12  ARITHMETIC.  §  2 

Since  6  ciphers  were  annexed  to  the  dividend,  6  decimal 
places  must  be  pointed  off  in  the  quotient. 


(4)     {a) 

• 

{a)    1 
1 

4/3'4  8'6  7'8  4.4  0'10 
(b)    1 

(d)  2  0 

8 

{c)    248 
224 

28 
8 

(e)       2  4  6  7 
2  196 

360  2  7184 

6  26089 


366  109540 

6  7  4684 


37  2  0  3485610 

7  3361041 


37  2  7  124669 

7 


3  7  3  4  0 
2 


3  7  3  4  4  U 


Explanation. -^(I)  Divide  the  number 
into  periods.  In  the  above  case,  where  the 
number  consists  of  a  whole  number  and  a 
3  <  3  4  2  decimal,  we  begin  at  the  decimal  point  and 
'^  proceed  to  the  /r//  in  pointing  off  the 
3  7  3  4  4  0  "'^^'holc  number  and  towards  the  right  in 
9  pointing  off  the  decimal^  annexing  a  0  to 
complete  the  last  decimal  period.  In  square 
root  t7co  figures  constitute  a  period. 
Find  the  greatest  single  number  whose  square  is  less  than 
or  equal  to  3,  tlie  first  period.  This  is  evidently  1,  since 
2^  =  4,  which  is  greater  than  3.  Write  1  as  the  first  figure 
of  the  root;  also  write  it  to  the  left,  as  shown  at  {a). 
Now,  multiply  the  1  at  {a^  by  the  1  in  the  root  and  write 
the  result  under  the  first  period,  or  3,  as  shown  at  {b). 
Subtract,  briiig  down  the  next  period,  48,  and  annex  it  to 
the  remainder  2,  thus  making  248  the  dividend^  as  showm 
at  (r).     Add  the  root  already  found  to  the  1  at  (a)^  thereby 
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obtaining  2,  and  annex  a  cipher  to  this  2,  thus  making  it  20, 
which  we  call  the  trial  divisor. 

Divide  the  dividend  248  at  (c)  by  the  trial  divisor  20  at 
(^)  and  obtain  8,  which  is  probably  the  next  figure  of  the 
root.  Write  8  in  the  root,  as  shown,  and  also  add  it  to  20, 
the  trial  divisor,  making  it  28.  This  is  called  the  complete 
divisor, 

(II)  Multiply  the  complete  divisor  28  by  8,  the  second 
figure  of  the  root,  and  subtract  the  result  from  the  divi- 
dend (r).  The  remainder  is  24,  to  which  annex  the  next 
period,  making  2,467,  as  shown  at  (^),  which  call  the  new 
dividend. 

Add  the  second  figure  of  the  root,  or  8,  to  the  divisor  28 
and  annex  a  cipher,  thus  obtaining  360.  Dividing  2467  by 
360,  we  find  6  to  be  the  next  figure  of  the  root.  Adding 
this  last  figure  of  the  root,  or  6,  to  360,  we  get  366,  and 
multiplying  by  this  last  figure  of  the  root,  or  6,  gives  2196, 
which  we  write  under  2467  and  subtract. 

(III)  Annexing  the  next  period,  84,  to  the  remainder  271 
gives  27184  as  the  next  new  dividend.  Now,  adding  the 
third  figure  of  the  root  to  366  and  annexing  a  cipher,  as 
before,  we  have  3720.  Dividing  27184  by  3720,  the  result 
is  7,  which  write  as  the  next  figure  of  the  root.  Adding  the 
fourth  figure  of  the  root,  or  7,  to  3720,  we  get  3727,  and 
multiplying  by  7  of  the  root  gives  26089,  which  write  under 
27184  and  subtract,  obtaining  1095  as  a  remainder. 

(IV)  Annexing  the  next  period,  or  40,  to  the  remain- 
der 1095  gives  109540  as  the  next  new  dividend.  Adding 
the  last  figure  of  the  root  to  3727  and  annexing  a  cipher, 
as  before,  the  result  is  37340.  Dividing  109540  by  37340, 
the  result  is  2,  which  write  as  the  next  figure  of  the  root. 
Adding  the  fifth  figure  of  the  root,  or  2,  to  37340,  we  obtain 
37342,  and  multiplying  by  2  of  the  root  gives  74084,  which 
write  under  109540  and  subtract,  obtaining  34S56  as  a 
remainder. 

(V)  Annexing  the  next  period,  or  10,  to  the  remainder 
34856  gives  3485610  as  the  next  new  dividend.     Now,  adding 
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the  last  figure  of  the  root  to  37342  and  annexing  a  cipher, 
as  before,  the  result  is  373440.  Dividing  3485610  by  373440 
gives  9  as  a  result,  which  write  as  the  next,  or  last  figure, 
of  the  root.  Adding  the  last  figure  of  the  root,  or  9,  to 
373440,  we  get  373449,  and  multiplying  by  9  of  the  root 
gives  3361041,  which  write  under  3485610  and  subtract. 
Since  there  is  a  remainder,  we  know  the  given  power  is  not 
a  perfect  square,  so  we  place  -|-  after  the  root. 

In  this  problem  there  are  six  periods — four  in  the  whole 
number  and  two  in  the  decimal — hence,  there  will  be  six 
figures  in  the  root  (since  we  obtain  one  figure  of  the  root  for 
each  period),  four  figures  constituting  the  whole  number  and 
two  figures  the  decimal  of  the  root.     Hence, 


i/3, 486, 784. 401  =  1,867.29+. 

(b)  (a)     3     i/9'0  O'O  0'9  9.4  O'O  9'0  0  =  3  0  0  0.0  1  6  + 
3  (b)    9 

(d)     6  0  (r)   0  0  0  0  9  9  4  0  0  9 
0  600001 


6  00         39  400800 
0         3600015  6 


6  0  0  0  3  4  0  0  6  4  4 

0 


()  0  0  0  0   1 

I 


6  0  0  0  0 

^  Explanation. — Beginning  at  the 

(]  0  0  0  0  0       decimal  point,  we  point  off  the  whole 

1        number  into  periods  of  two  figures 

each,  proceeding  from  right  to  left; 

also    point   off    the    decimals    into 

periods  of  two  figures  each,  proceed- 

6  0  0  ()  0  2  0    ing  from  left  to  right.     The  largest 

^*'    number  whose  square  is  contained 

6  0  0  0  0  2  6    ^^^  the  first  period,  9,  is  3;  hence,  3 

is  the  first  figure  of  the  root.  Place 
3  at  the  left,  as  shown  at  (^?),  and  multiply  it  by  the  first 
figure  in  the  root,  or  3.      The  result  is  9.    Write  9  under  the 
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first  period,  9,  as  at  {i),  subtract,  and  there  is  no  remainder: 
Bring  down  the  next  period,  which  is  00,  as  shown  at  (c). 
Add  the  root  already  found  to  the  3  at  (a),  obtaining  6,  and 
annex  a  cipher  to  this  6,  thus  making  it  60,  which  is  the  tria/ 
divisor,  as  shown  at  {d).  Divide  the  dividend  {c)  by  the 
trial  divisor  and  obtain  0  as  the  next  figure  in  the  root. 
Write  0  in  the  root  as  shown,  and  also  add  it  to  the  trial 
divisor  60,  and  annex  a  cipher,  thereby  making  the  next  trial 
divisor  600.  Bring  down  the  next  period,  00,  annex  it  to  the 
dividend  already  obtained,  and  divide  it  by  the  trial  divisor. 
600  is  contained  in  0000  no  times,  so  we  place  another  cipher 
in  the  root.  Write  0  in  the  root,  as  shown,  and  also  add  it 
to  the  trial  divisor  600,  and  annex  a  cipher,  thereby  making 
the  next  trial  divisor  6000.  Bring  down  the  next  period,  99. 
The  trial  divisor  6000  is  contained  in  000099  no  times,  so 
we  place  0  as  the  next  figure  in  the  root,  as  shown,  and  also 
add  it  to  the  trial  divisor  6000  and  annex  a  cipher,  thereby 
making  the  next  trial  divisor  60000.  Bring  down  the  next 
period,  40,  and  annex  it  to  the  dividend  already  obtained 
to  form  the  new  dividend,  00009940,  and  divide  it  by  the 
trial  divisor  60000.  60000  is  contained  in  00009940  no  times, 
so  we  place  another  cipher  in  the  root,  as  shown,  and 
also  add  it  to  the  trial  divisor  GOOOO  and  annex  one  cipher, 
thereby  making  the  next  trial  divisor  600000.  Bring  down  the 
next  period,  09,  and  annex  it  to  the  dividend  already  obtained 
to  form  the  new  dividend,  0000994009,  and  divide  it  by  the 
trial  divisor  600000.  600000  is  contained  in  0000994009  once, 
so  we  place  1  as  the  next  figure  in  the  root  and  also  add 
it  to  the  trial  divisor  600000,  thereby  making  the  complete 
divisor  600001.  Multiply  the  complete  divisor  GOOOOl  by  1, 
the  sixth  figure  in  the  root,  and  subtract  the  result  obtained 
from  the  dividend.  The  remainder  is  394008,  to  which  we 
annex  the  next  period,  00,  to  form  the  next  new  dividend, 
or  39400800.  Add  the  sixth  figure  of  the  root,  or  1,  to  the 
divisor  600001  and  annex  a  cipher,  thus  obtaining  6000020 
as  the  next  trial  divisor.  Dividing  39400800  by  6000020, 
we  find  6  to  be  the  next  figure  of  the  root.  Adding  this  last 
figure,  6,  to  the  trial  divisor,  we  obtain  6000026  for  our  next 
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lomplete  divisor,  and  multiplying  by  the  last  figure  of  the 
ot,  or  6,  gives  30()0015fi,  which  write  under  39400800  and 
subtract.  Since  there  is  a  remainder,  it  is  clearly  evident 
that  the  given  power  is  not  a  perfect  square;  and  since  the 
next  figure  of  the  root  is  5,  we  increase  the  iast  figure  just 
found  by  1  and  write  —  after  the  rtxit. 

In  this  problem  there  are  jcci'c «  periods — four  in  the  whole 
lumber  and  three  in  the  decimal ;  hence,  there  will  be  sci'en 
inures   in   the   root,  /i>t/r   figures   constituting   the  whole 
iber  and  three  figures  the  decimal  of  the  root.     Hence, 
JOO, 099.4009  =  3.000.017—.     Ans. 
(5)     Beginning  at  the  decimal  point  and  pointing  off  into 
iods  of  three  figures  each,  we  have  ,327'080,  annexing  a 
;r  to  complete  the  right-hand  period.      Since  the  num. 
is  entirely  decimal,  the  root  is  entirely  decimal.     Neglect- 
decimal  point    for  the   present,   we   find   the  cube 
r,680.      Referring  to  the  table  in  Art.  30,  33r,t:SO 
'f        en  314,433,  the  cube  of  08,  and  328,609,  the  cube  of 
st  two  figures  of  the  root  are,  therefore,  68.      The 
ditterence  is  338,5nit  —  314,433  =  14,077 ;  the  second  dif- 
erence   is   327,080-314,433  =  13,348;   and  13,248 -=- 14,o:7 
=  .94+.      Therefore,  the  first  four  figures  of  the  root  are 
6894.     Locating  the  decimal  point  according  to  Art.  38,  we 
have  the  t/.337G8  =  .6894+.     Ans. 

1  40  77)  1  334  8.00  (  .94+ 
I  3  6  G  93 
3  38. 5  09       337(180  57870 

3  1443  3       314433  56308 


14077  13348  1563 

(li)  Instead  of  finding  the  cube  root  of  3,  we  annex  a 
cipher  period  and  find  the  cube  root  of  2,000,  in  order  to 
nblaiii  two  figures  of  the  root  from  the  table  (see  Art.  33). 
Referring  l-i  the  table,  3,000  lies  between  1,738,  the  cube  of 
VI.  and  3,lii7,  the  cube  of  13;  the  first  two  figures  of  the 
rout  an-,  therefore,  13.  The  first  difference  is  3,197  —  1,72S 
=  U\'.>:  the  second  difference  is  2,000-1,728  =  273.  and 
373  -i-  4tJ9  =  .58—.     Therefore,  the  first  four  figures  of  the 
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root  are  1258.  Since  there  is  only  one  period  in  the  num- 
ber, the  whole-number  part  of  the  root  will  contain  only 
one  figure;  hence,  the  root  is  1.258—.  We  need  one  more 
figure,  however;  hence,  proceeding  as  in  Art.  35,  2  -r- 1.258 
=  1.58983;  1.58983  -f-  1.258  =  1.2(5377;  1.258  +  1.258 
H-  1.26377  =3.77977;  3.77977-^3  =  1.25992.  Therefore, 
|/2  =  1.2599  to  four  decimal  places. 

2197    2000    469)27  2.0  00(. 5  7  9-h,  or  .5  8- 
1728    1728  2345 


469     272  3750 

32  8  3 


46  70 
4  2  2  1 

1.2  5  8  )  2.0  0  0  0  0  0  0  0  0  (  1.5  8  9  8  2  5-f ,  or  1.5  8  9  8  3- 
1258 


7420 
6290 

113  0  0     1.2  5  8  )  1.5  8  9  8  3  0  0  0  (  1.2  6  3  7  7 
10O64 


1236  0 
11322 


10380 
100  64 

3  16  0 
2516 

6440 
62  9  0 


1.2  5  8 
1.2  5  8 
1.263  7  7 

3)  3.7  7  9  77 

1.2  5  9  9  2,  or  1.2  5  9  9  Ans. 


125  8 

3  3  18 

25  16 

8  02  3 

7  5  48 

47  5  0 

37  74 

9  7  6  0 

8  8  0  6 

9  5  40 

8  8  0  (3 

I 
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(7)    (")      ^^^  (*) 

1  f'i'aa.2 1  =  11.1  Ans.  1    i''i'i4.yi'H)  =io.:a+ 

11  1        J.  Ans. 

20  23                               3001-1&-2 
^       21  7      1449 

21  221  207            4310 

_1  2  2  1  7  4284 

220  2140                 26 
1 3 

2  2  1  2  I  i  2 

(H)  (tt)  Since  the  number  is  entirely  decimal,  the  root  is 
eotirely  decimal.  Adding  two  ciphers  lo  complete  the  second 
period,  and  neglecting  the  decimal  point,  we  find  the  cube 
root  of  e,500.  Referring  to  the  table,  6,500  lies  between 
5,833,  the  cube  of  IS,  and  6,859.  the  cube  of  19;  the  first  Iwo 
figures  of  the  root  are  18.  The  first  difference  is  6,85V 
-5,832  =  1,027;  the  second  difference  is  6,500  -  5,832  =  668: 
and  668  -=-  1,037  =  .65+.  Therefore,  the  firsf  four  figures  of 
the  root  are  .1865+.  Since  five  figures  are  required,  we 
proceed  as  in  Art.  35;  .0065  ^  .1865  =  .03485254;  .03485254 
-i-, 1865=. 186876;  .1865 +.1865 +.  186876  =.5.59876:  .551*876 
-^  3  =  .186625,  or  .18663—,  correct  to  five  figures. 

6859      6500      1027)66  8.o"o  (  .6  5+ 
5  832      5  832  6  162 

1027       668  5180 

5  135 
.1865). 0  06500000000  (.0  348525  4+ 
5  59  5 
9  050 
7460 
15  9  00 
14920 


'-I 
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.1  8  6  5  ).0  3  4  8  5  2  5  4  0  0  (.1  8  6  8  7  6+ 
1865 


16202 

14920 

12825 

11190 

16354 

14920 

14340 

1305  5 

12850 

11190 

18  65 
.18  6  5 
.1868  76 

3  ).5  5  9  87  6  ^  ^  ^  ^ 

.18  6  6  2  5+,  or  .18663-.     Ans. 

{d)  Since  the  number  is  entirely  decimal,  the  root  is 
entirely  decimal.  Pointing  off  into  periods,  we  obtain  .000'021. 
The  figures  of  the  root  will  be  the  same  as  for  the  cube 
root  of  21.  Hence,  consider  the  given  number  as  21  and 
annex  a  cipher  period  so  that  two  figures  of  the  root  may  be 
obtained  from  the  table;  in  other  words,  we  extract  the 
cube  root  of  21,000.  Referring  to  the  table,  21,000  lies 
between  19,683,  the  cube  of  27,  and  21,952,  the  cube  of  2S; 
the  first  two  figures  of  the  root  are,  therefore,  27.  The  first 
difference  is  21,952  —  19,683  =  2,209;  the  second  difference 
is  21,000  —  19,683  =  1,317;  and  1,317  -v-  2,*2G9  ==.58+.  Hence, 
the  first  four  figures  of  the  root  are  2758.  Locating  the 
decimal  point  according  to  the  principle  given  in  Art.  32, 
the  root  is  .02758+.  The  result  does  not  agree  with  the 
printed  answer.  Hence,  proceeding  as  directed  in  the  note 
following  example  3  (see  Examination  Questions),  we  apply 
the  method  described  in  Arts.  35  and  36.  .000021  ^  .02758 
=  .000761421;  .000761421  -^  .02758  =  .027007;  .02758 
+  .02758  +  .027607  =  .082707;  .082707  -^  3  =  .027589,  or 
.02759—,  correct  to  four  significant  figures. 

J.    L—ili 
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31952  21000  236tf)1317.0  0(.a8-f 

11P6S3  196S3  11343 

3  26*  1317  1845 0 

18  153 


. 0  3758). OOOOaiOOOOOAOO(. 0  0076142  I-f- 
19306 


0-2  758).0  00761421OO{.O276O7+ 


21300 
19306 


.02758 
.02758 
.027607 


.0  2  7  5  8  9,  or 

.02759—     Ana 
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(9)      11.7  :  13  ::  20  :  jr  The  product  of  the  means 

11.7  AT  =  13  X  20  equals    the    product    of    the 

11.7  ;r  =  260  extremes. 
260 


jr  = 


1  1.7  )  2  6  0.0  0  0  (  2  2.2  2+  Ans. 
234 


26  0 
234 

260 
234 


2  60 
234 


(10)  (a)   20  +  7  :  10  +  8  ::  3  :  ;r. 


27  :  18  ::  3  :  .r 

27.r  =  18x  3 

27  ;r  -  54 

54       ,       . 
j:  —  ^  —  2.     Ans. 

(*)  12»  :  100'  ::  4  :  AT 

12 

100 

144  :  10,000  ::  4:1  X 
144 AT-  10,000  X  4 
144-r  =  40,000 

1  2 

100 

144 

10000 

40,000 
X  =      '.   .  .   . 

144)4000  0.0  (27  7.7+  Ans. 
28  8 


1120 
1008 


112  0 
1008 

1120 
10  08 


ARITHMETIC. 
(rt)      1,000  miles  :  444  miles  ::  .r  min.  ;  520 
i,0«0  X  520       551.200 


lOflO  44:i)55130  0.0  0(124  1.4  4+  min, 

520  in 


^ 


ai  aoo 

53  00 


1840 
1776 
6+0 
444 


18  4  0 
1  7  7  fi 

64 

Reducing  1,241.44  m!n.  to  hours  by  dividing  by  60,  we 
have 

6  0  )  1  2  4  1.4  4  (  30  hr.  41.44  min.     Ans. 
130 
41 
{d)     444  miles  ;  1,060  miles  :;  530  min.  :  x  min. 

l,0(iOX520  ,    „„     ..  .  n^l.         .,     ,,  ■  A 

X  —  - — -T- ■  =  1,341.44  mm.,  or  30  hr,  41.44  mm,     Ans. 

{c)    X  min.  :  520  min.  ::  1,060  miles  :  444  miles. 
X  =  ^'"^-^.^  -^-  =  1,341.44  min.,  or  20  hr.  41.44  rain.     Ans 

(i/)     520  min.  :  x  min.  :;  444  miles  :  1,060  miles. 

1,060X520       ,    ,.,    ...  n„L      ,,  ,,       ■  * 

x=  -'- — ,-7i 1,341.44  mm.,  or  20  hr.  41.44  mm.     Ans. 

444 

(14)     A   pump   discharging   135   gal.    per   min.   fills  the 
tank  in  38  min.     Therefore,  a  pump  discharging  1  gal.  per 
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min.  fills  it  in  135  X  SS-min.     Hence,  a  pump  discharging 

135  X  38 
85  gal.  per  min.  fills  it  in  -^-^-^ =  60^^  min.     Ans. 

135 
X         38 


1080 
405 


85)5130(60  iV 
5  10 


30_   . 
86"^ 

(16)  If  a  wheel  measuring  12.56  ft.  around  it  turns  520 
times,  a  wheel  measuring  1  ft.  around  it  turns  520  X  12.56 
times.  Hence,  a  wheel  measuring  15.7  ft.  around  it  turns 
520  X  12.56 


15.7 


=  416  times.     Ans. 


.7) 

520 
1  2.6  6 

3120 
2  600 
1040 
520 

15. 

6  5  3  1.2  0 
62  8 

2  5  1 
167 

(416  times 

942 
942 

(16)     If  a  cistern  28  ft.  by  12  ft.  by  10  ft.  holds  798  bbl. 

of  water, 

798 
a  cistern  1  ft.  by  12  ft.  by  10  ft.  holds-—-  bbl. ; 

/CO 

798 
a  cistern  1  ft.  by  1  ft.  by  10  ft.  holds  bbl. ; 

2o  X  12 

798 
a  cistern  1  ft.  by  1  ft.  by  1  ft.  holds —--—j^^——— bbL 


^^ 

M 
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Therefore,   by  a 

similar  course  of 

reasoaing 

a  cisleni 

20  ft.  by  17  ft.  by  6 

ft.  holds 
57 

m    f 

798  X  20  X  17  X  6 
28  X  12  X  10 

m  xi^xnx 

e     969 

484ibhL 

Aia 

^xiaxff 

$7 

IT 

iTa 

67 

sjiTo 

i»H 

\ 

MENSURATION  AND  USE  OF 
LETTERS  IN  FORMULAS. 


(1)  Substituting  for  Z>,  x,  B,  and  /  their  values, 

C~^^^li:-1^2_Ili^-M_8      Ans 

A  line  between  two  numbers  signifies  that  the  one  above 
the  line  is  to  be  divided  by  the  one  below  the  line. 

(2)  Substituting  for  A,  //,  Z>,  and  x  their  values, 

AA  +  D  _  (5  X  200)  +  l^^O  _  1,000  +  120  __  1,120  _ 
2-t  +  6   ■"     (2  X  12)  +  6     ■"       24  +  6       ""     30     ""      * 

37i  +  Z7  =  37i  +  120  =  157i.     Ans. 

When  there  is  no  sign  between  the  letters,  multiplication 
is  understood. 

(3)  Substituting  for  A,  Z>,  /,  and  B  their  values, 


_     I     AD      _      I        5  X  120         _      / ()()() 
^  -  V  «'^  +  1-5  ""  V  (3.5  X  10)  +  1.5  ~  V  30.5 


=  i/16.4383  =  4.05+.     Ans. 

The  square  root  sign  extends  over  both  numerator  and 
denominator,  thus  indicating  that  the  square  root  of  the 
entire  fraction  is  to  be  extracted. 

(4)     Substituting  for  A^  B^  D,  and  //  their  values. 


_(B  "  Ay  "  \^h  '\')t  B  -{-  A  _{\0  -  by  -  4/20O  +  2x10  +  5 
^""  ^*  -  (1  +  Z>)  ~  5'  -  (1  +  120) 

_5'-i/225_25-15_,,^ 
-125-121  ~        4        -  ^  -^^'     ^''^' 

§3 
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S  MENSURATION  AND 

(5)  When  one  straight  line  meets  another  straight  line, 
two  angles  are  formed  which  together  equal  ISO".  Hence,  if 
one  of  ihe  angles  =  153°  3',  the  other  angle  —  180°  —  153' 
3',  or 

180°  =  179"  60' 
subtracting,       152°     3' 

•3?°  5T     Ans. 

(G)     See  Arts.  26-38. 

(7)  See  Art.  41.  A  rectangle  with  the  same  area  would 
have  the  same  base  and  altitude. 

{8)  Since  the  area  is  to  be  found  in  square  inches,  the 
24  feet  must  be  reduced  to  inches.  2i  ft,  =  30  in.  Area 
=  30  X  Hi  =  345  sq.  in.     Ans. 

(tl)  It  will  take  1^  boards  to  reach  lengthways  of  the 
room.     Since  the  room  is  15  feet  wide  and  each  board  is 

5  iric/ics  wide,  it  will  take  15  ^  t^j  =^  30  boards,  laid  side  by 

side,  to  extend  across  the  width  of  the  room.     Hence,  num- 
ber of  boards  required  =  3iJ  X  11  =  54.      Ans. 

(10)  The  total  area  of  the  floor  of  the  Station  =  55  x  58  ft. 
=  3,190  sq.  ft.  —  35  X  30  ft.  =  650  sq.  ft.,  the  area  repre- 
sented by  the  lower  right-hand  corner  of  the  figure.  Hence, 
total  area  of  floor  =  3,190  -  650  =  3,540  sq.  ft. 

From  this  we  have  to  deduct  the  following  areas: 
3  boilers  =  2  x  8  x  IS  —  304  sq.  ft. 
Feed-pump  =  SJ  x  5  —  13.6  sq.  ft. 
2  engines  =  2  X  4f  x  10  =  90  sq.  ft. 
2  dynamos     =  2  x  5^  x  GJ  =    71.6   sq.  ft. 

Switchboard  =     ^"-^/"^     =      3.92  sq.  ft. 

480. 93  sq.ft. 
The  unoccupied  floor  space,  therefore,  equals 

2,540  -  480.93  =  3,059.08  sq.  ft.      Ans. 

(11)  A  triangle  with  three  equal  angles  has  three  equal 
sides,  and  is  therefore  an  equilateral  triangle. 
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(12)  A  triangle  with  two   equal  angles  has  two  equal 
sides,  and  is  therefore  an  isosceles  triangle. 

(13)  The  sum  of  the  three  angles  in  any  triangle  =:  2  right 

angles,   or  180°.     In  the  given  triangle,  the  sum    of   two 

angles  =  23°  +  32°  32'  =  55"  32',  and  the  third  angle  =  180° 

-  55°  32',  or 

180°  =  179°  60' 

subtracting,         65°  32' 

124°  28'     Ans. 

(14)  In  Fig.  I  we  have  the  propor- 
tion A  D  \  D  E  w  A  B  \  B  C^  in  which 
^Z>=10  in.,  ^^=24  in.,  and  BC 
=  13tin.,  to  findZ7£. 

Substituting  the  given  values, 

10  :  DEw  24  :  13^,  or 


DE^ 


10  X  13.5 
24 


=  5.625  in.     Ans. 


Fig.  I. 


=  135°.     This  divided  by  2  =  07 J '\     Ans. 


(15)  A  line  drawn  diagonally  from  one  corner  to  the  op- 
posite one  would  form  the  hypotenuse  of  a  right  triangle, 
whose  two  sides  are  39  and  52  feet.  By  rule  O,  Art.  58, 
the  length  of  the  diagonal  =  i/52'  +  39~'  =  05  ft.     Ans. 

(16)  See  example,  Art.  64.  The  process  is  simply  to 
find  one  of  the  angles  of  the  polygon,  and  then  to  divide  it 
by  2.  By  rule  lO,  Art.  64,  one  of  the  interior  angles 
_  180  X  (8  -  2)  _ 
~  8 

(17)  Since  this  is  a  regular  hexagon,  it  may  be  inscribed 
in  a  circle  (Fig.  II),  and  the  radius  of  the  inscribing  circle 

will  be  equal  to  one  side  of  the  hexagon. 
Since  the  diameter  E  /'^=  2  inches,  the 
radii  A  B  and  A  C\  and  the  side  B  C 
each  =  1  inch,  and  the  triangle  ABC 
is  equilateral.  Draw  the  line  A  D  per- 
pendicular to  the  side  B  C\  it  will 
bisect  B  C,  Then,  in  the  right-angled 
FIG.  II.  triangle  A  DB,  A  B  =  1'  and  BD^  \\ 
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to  find  A  D.  According  to  rule  7,  Art.  59,  A  D  =  ^V  —  .5' 
=  (A 73  =  .P6^'.  Hence,  the  distance  between  two  opposite 
sides  of  the  hexagon  =  ,-I  /?  x  3  =  .8G«  X  2  =  1.732'.     Ans. 

(18)     In  Fig.  Ill,  we  have  the  pro- 
portion B I:  H I::H  I:  I  A,ia  which 

9  ;  I  A,   or  I A 
the  diameter /I  ^ 

I'lu.  III.  =  /.-'  +  Ji  /=  ia.5  +  fi  =  13.5  in, 

Ans. 

(lit)     One  intle  =  5.280  feet.      The  circumference  of  the 

wheel  in  feet  =  ?A^^1*16  =  18.8496.     (See  rule 

77.)     Number   of    revolutions    in    going    1    mill 
+  ll*.ft-18«=:  380.112.     Ans. 

(20)  Using  rule   IR,  Art.  80,  area  =  diameter  squai 
X  .7864.      C.Oli'  =  3fl.72:i(i;  36.7236  X  -7854  =  28.8437  sq.  in. 

Alls. 

(21)  Since  the  radius  of  the  circle  =  G  in.,  its  diameter 
=  12  in.,  and  its  circumference  =  12  x  3.1416  =  37.69tt2  in. 
There  are  3G0°  in  the  circumference,  and  the  length  of  an 

arc  of  12°  =  37.6992  X  Jlj  =  1.25664  in.     Ans. 

(22)  The  area  of  a  circle  15  in.  in  diameter  =  16'  X  -7854 
—  176.71.5   sq.    in.      Hence,    the   area   of   a  sector   of   this 

circle    whose    angle    is     121°  -  176.715  X  ^|  =  ^'^^^if^^ 

=  6.1359  sq.  in.     Ans.     {See  rule  17,  Art.  83.) 

(23)  (a)  The  side  of  a  square  whose  area  =  103.8691  sq.  in. 

=  t'103.8«91=  10.1916  in.     Ans. 

{b)     By  rule  10,  Art.  81,  the  diameter  of  a  circle  having 
/|T):J.H(19I        ,,,  . 
the  same  area  =\/  — •yat.r'  =  lU  '"■     Ans. 
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{c)  Perimeter  of  the  square  =  10.1916  X  4  =  40.7604  in. ; 
circumference  of  the  circle  =  11.5  X  3.1416  =  36.1284  in.; 
difference  =  40.7664  —  36.1284  =  4.038  in.     Ans. 

(24)  The  perimeter  of  the  base  =  4  X  6  =  24  in.  =  2  ft. 

Convex  area  =  2  X  12  =  24  sq.  ft.      The  area  of  the  bases 

is   found   as   follows :    In    Fig.    IV,    A  B        a, 

=  4  in.  and  A  C  =  2  in. ;   since  this  is  a 

regular  hexagon,  A  O  =  A  B  =  4:  in.     By 

rule    7,   Art.   59,   O  C  =  iZ-k'  -  ^  =  \/VZ 

=  3.4041    in.;     area    of    triangle    AOB 

4  X  3.4641  .  - 

= 9 =  6.9282    sq.    m. ;    area   of 

base  =  6.9282  X  6  =  41.5692;  and  the  area  pig.  iv. 

of  both  bases  =  41.5692  X  2  =  83.1384  sq.  in.     This  reduced 

to  square  feet  =  — ttt~~  =  .5774.      Hence,  the  area  of   the 

entire  surface  of  the  column  is  24  +  .5774  =  24.5774  sq.  ft. 

Ans. 

(25)  The  cubical  contents  in  cubic  inches  —  area  of  base 
in  square  inches  X  altitude  in  inches.  The  area  of  the 
base  in  the  last  example  was  found  to  be  41.5002  sq.  in.; 
altitude  =  12  X  12  =  144  in.  Hence,  the  cubical  contents 
=  41.5092  X  144  =  5,985.9048  cu.  in.     Ans. 

(26)  This  example  is  solved  by  combining  the  rules  for 
the  circular  ring  (see  example,  Art.  HI)  and  for  the  cylinder. 
To  obtain  the  area  of  one  end  of  the  tube,  we  have  4*  X  .785 1 
=  12.5664  =  area  of  a  circle  4  inches  in  diameter;  3.73' 
X  .7854  =  10.9272  =  area  of  a  circle  3.73  inches  in  diameter; 
difference  =  12.5604  -  10.9272  =  1.0392  =  area  of  one  end  of 
the  tube.  The  cubical  contents  =  1.0392X  12=  19.0704cu.in. ; 
the  weight  =  19.6704  X  .28  =  5.5,  or  5^  lb.     Ans. 

(27)  This  example  is  done  exactly  like  the  one  in  Art.  93, 
and  the  solution  is  given  here  without  explanation. 


{a)     In  the  formula  of  rule  18,  Art.  83,      ~  i  7    —  •^>^^» 
k  in  this  case  =  18,  and  D  =  00. 
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Substituting,  area  =  I 

i>L!i'  »   fl.OOS  =  1^  /SJS3=M«  =  433  X  ,'«s" 

=  433  X  l.fiiis  7ia.8sq.  in.     This  reduced  to  square  feet 

=  7liS+ m  ='i.»fi.      Hence,    the    steam    space  =  4-»5 

X  16=  i9.:$ctt.  rt.     Ads. 

(#)     Total  area  of  one  end  nf  boiler  in  square  inches  =  60* 

X  .!8W  =  ?,Sa".44,     From  this  is  to  be  subtracted  the  area 

uf  the  tut>c  end»  and  of  the  segment  found  above. 

Area  of  ends  of  tultcs  =  a.fl'  X  .7S54  x  64  =  B15.75  sq.  in, 
Area  of  segment  =  712.8    st 

1,338.55  sq.  in. 
Area  of  water  !ipace  =  a,827.44- 1,328.65  =  1,498.89  a 
Contents  of  water  space  =  1,498.89  X  1(>  X  13  = 

78fl.lS»  c«.  in.,  and  S«7.7Sii.88  -i-  331  =  1,245.83,  number  of 

[rallou^  or  say  1,^4C  gal.     Ans. 

(a«)     The  area  of  the  convex  surface  =  circumference  of 

base  X  I  slaut  height  =  18.848«  X~  =  M.248  sq.  in.     (See 

ruUai.  Art.ttT.)    The  area  of  the  entire  surface  =  94. 348  sq. 
in.  •+■  the   area   of   the   l>ase.      The  diameter  of   the   base 

=    '  ■      \ ';^  li  in.;  hi-nce,  the  area  of  the  base  =  6'  X  .7854 


= 

•jf^.j:44 

(nd 

s    1 

a   ai 

d    !.->, 

Arts.    78 

and  80) 

there- 

f. 

ri:    the 

of 

the 

entire 

surface  = 

94.248  + 

28.2744 

- 

lJ-,'..Vi>4 

sq. 

n. 

Alls 

(-.'■..)     Us 

"S 

rule 

'■i'-i. 

Art.  98,  volume 

=  area  of 

base  X 

i 

altitude  - 

-  -iS. 

.'T44  X  I 

=  !S4.S 

33  cu.  in. 

Ans. 

(30)  The  vat  has  the  form  of  an  inverted  frustum  of  a 
pyramid.  Area  of  htrjier  base  =  15'  —  225  sq,  ft. ;  area 
of  smaller  base  —  12'  =  144  sq.  ft.  Hence,  by  rule  84, 
Art.     102,    the    contents    of     the    vat    in    cubic    feet  = 

(335  +144  +  1  225  X  144)  ^  =  (3G9  +  ISO)  X  "  =  549  X  y 

=  2,013  cu.  ft.     This  should  be  reduced  to  cubic  inches  by 
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multiplying  by  1,728,  the  number  of  cubic  inches  in  a  cubic 
foot.  2,013  X  1,728  =  3,478,464  cu.  in.  Since  there  are 
231  cubic  inches  in  a  gallon,  the  number  of  gallons  that  the 

vat  will  hold  =  ^''^ll\^^'*  =  15,058.29.     Ans. 

AiOl. 

(31)  The  pail  is  in  the  form  of  a  frustum  of  a  cone. 
Area  of  larger  base  =  12*  X  .7854  =  113.097(5  cu.  in.  Area 
of  smaller  base  =  63.6174  cu.  in.  Hence,  the  contents  in 
cubic  inches  = 


11 


(113.0976  +  63.6174  +  -/l  13. 0976  X  6:3.<>174)  X  -^ 


11 


11 


=  (176.715  +  i/7, 194. 9753)  -^-  =  (176.715  +  84.8232)  X  -' - 

o  o 

=  261.5382  X  \j  =  958.9734. 

The  contents  of  the  vat  in  cubic  inches  were  found  in 
the  last  example  to  be  3,478,464.  Hence,  the  number  of 
pails  of  water  required  to  fill  the  vat  =  3,478,4fi4  -^  95S.9734 
=  3,627.28.     Ans. 

(32)  (a)  By  rule  26,  Art.  104,  area  of  the  surface 
-  22.5'  X  3.1416  =  506.25  X  3.1416  =  1,590.435  sq.  in.     Ans. 

(^)  Using  rule  20,  Art.  105,  the  cubical  contents 
=  the  cube  of  the  diameter  x  .5236  =  11,390.625  X  .523(> 
=  5,964.1313  cu.  in.     Ans. 

16  ...  ....        13 

2 

or  6i   inches,   to   find   the    volume,   area,   and  weight  (see 
Fig.  V) : 


(33)     {a)    Given   OB=l~,  or  8    inches,   and    r:>./  =  ^f, 


Radius   of    center    circle   equals 


8  +  6.5 


2 


or    7i    inches. 


Length  of  center  line  =  2  X  3.1416  X  7^^ 
=  45.5532  inches. 

The  radius  of  the  inner  circle  is 
6}  inches  and  of  the  outer  circle  8  inches ; 
therefore,  the  diameter  of  the  cross- 
section  on  the  line  A  B  is  1 J^  inches. 
Then,  according  to  rule  27,  Art.  106, 


Fio.  V. 
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(.1410  X  45.fl53^ 


BS 


the  area  of  the  ring  is  U  x  3.141CX  45.fl53  =  2H.66S  squire 
inches.     Ans. 

Diameter  of  cross-section  of  rin^  =  1)  inches. 

Area  of  cross-section  of  ring=(l^)'  x  .7854=  1.76715  sq. 
in.     Ans. 

By  rule  28,  Art.  107,  volume  of  ring  =  1.7rt7I5  X  45.553 
=  80.499  cu.  in.     Ans. 

{*)     Weight  of  ring  =  60.4&fl  X  .2G1  =  21  lb.     Ans. 
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(1)  Broadly  speaking,  mechanics  is  the  science  that 
treats  of  forces  and  their  effects  on  material  bodies.  See 
Art.  1. 

(2)  See  Arts.  2,  3,  and  4. 

(3)  Solid,  liquid,  and  gaseous.     See  Arts.  6,  7,  and  8. 

(4)  General  properties  are  such  as  are  common  to  all 
substances;  special  properties  are  such  as  are  possessed  by 
certain  substances  only.     See  Arts.  12  and  34. 

(5)  {a)  Motion  is  that  condition  of  a  body  that  causes  it 
to  change  its  position  in  relation  to  some  other  body.  See 
Art.  30. 

(b)  Velocity  is  the  rate  of  motion,  that  is,  the  distance 
passed  through  in  a  unit  of  time.     See  Art.  38. 

(c)  Uniform  velocity  means  passing  over  equal  distances 
in  equal  intervals  of  time.     See  Art.  33. 

(d)  Variable  velocity  means  passing  over  equal  distances 
in  unequal  intervals  of  time,  or  passing  over  unequal  dis- 
tances in  equal  intervals  of  time.     See  Art.  33. 

(6)  {a)  Acceleration  is  the  rate  of  change  of  velocity. 
See  Arts.  35  and  57. 

(b)  Retardation  denotes  the  rate  of  decrease  of  velocity. 
See  Arts.  36  and  58. 

(c)  The  average  velocity  is  that  uniform  velocity  that 
carries  the  body  over  the  same  distance  in  the  same  time  as 
the  variable  velocity.     See  Art.  37. 

§4 
/.     /. — 3o 


1 


t  PRINCIPLES  OF  MECHANICS.  §4 

{7}  Since  1  day  contains  24  hours,  the  total  number  of 
hours  consumed  in  the  trip  was  6  X  24+  16=  160  hours. 
The  average  speed  per  hour  was,  therefore,  3,240  ~1G0 
=  30i  mi.     Ans.     See  Art.  38. 

(8)  Reducing  the  25,000  miles  to  feet,  we  have  25,000 
X  5,280  =  133,000,000  feet.  The  time  in  minutes  would, 
therefore,  be  132.000.000 -^  3,000  =  i4, 000  minutes.  Redu- 
cing the  time  to  days,  hours,  and  minutes,  we  get  30  da. 
13  hr.  20  min.      Ans.      See  Art.  40. 

(9)  By  the  effects  it  produces  on  matter.     See  Art.  4^1. 

(10)  The  point  of  application,  the  direction  of  action, 
and  the  magnitude  of  each  force  must  be  known.  See 
Art.  44. 

(11)  See  Art.  46. 

(13)  Inertia  is  that  property  of  a  body  by  virtue  of  which 
the  body  always  tends  to  remain  in  the  particular  state  of 
rest  or  motion  that  it  has  at  the  moment  considered.  See 
Art.  48. 

(1.3)     See  Arts.  53  and  53. 

(14)  The  weight  of  a  body  is  proportional  to  the  force  of 
gravity ;  and  since  the  force  of  gravity  is  different  for  differ- 
ent localities,  the  weight  of  any  body  will  differ  likewise. 
See  Art.  56. 

(15)  By  rule  4,  Art.  60, 

i^        346         ,„  „    , 
'«=  7  =32^74  =  '"■"+■     ''"^■ 
(IC)     See  Art.  63. 

( 1 7)  The  constant  opposing  force  is  30  X  15  =  450  pounds. 
:!0  tons  =  30  X  2,000  =  00,000  pounds.  The  force  /  to  pro- 
duce the  required  acceleration  will,  by  rule  5,  Art.  63,  be 

—  (f  =  -  I        X  3  =  5,597+  pounds.     Hence,  the  total  force 

required  will  be  5,597  +  450  =  6,047  lb.     Ans. 
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6,280 


(18)     1    mile  per  hour  =  6,280  feet   per   hour. 


60  X  00 
=  II  =  1^  feet   per   second.      Momentum,    according  to 

Art.  67,  =  ^^  X  ~  =  2,736.3  lb.     Ans. 

o«.lu         lu 

(19)  (a)  Work  is  the  overcoming  of  a  resistance  through 
a  i^ertain  distance.     See  Arts.  69,  70,  and  71. 

(d)  Power  is  the  rate  of  doing  work.  See  Arts.  73 
and  73. 

(r)  Energy  denotes  ability  to  do  work.  See  Arts.  74 
and  75. 

(^«)     ll:Z  X  30  =  ^^  »•  P-     ^-     See  Art.  73. 

(21)  The  kinetic  energy  of  the  body  by  rule  7,  Art.  76, 

.    wv"      6,432X60*      ^^^^^^^     ^  i       rp.-  .    r 

IS  ^r —  =  -4 ^^  .r»  =  360,000  foot-pounds.     This  amount  of 

2^         2  X  32.16  '  * 

work  must  be  done  in  3  minutes.     Hence,  the  horsepower 

required  to  stop  the  body  will  be  ^-^^ ^  33,000  =  3 1\  H.  P. 

»j 

Ans. 

(22)  Zero.     See  Art.  86. 

(23)  Friction  is  the  resistance  that  a  moving  body  encoun- 
ters from  the  surface  of  another  body  along  which  or  through 
which  it  moves.     See  Art.  88. 

(24r)  According  to  Art.  89,  the  coefficient  of  friction  will 
be  ^^=.06.     Ans. 

(26)  {a)  From  Table  I  we  find  the  coefficient  of  friction 
to  be  .16.  Hence,  the  total  friction  will  be  1,000  X  .16 
=  160  lb.     Ans.     See  Art.  1)3. 

(d)     fJJ  =  l.o  lb.  per  sq.  in.     Ans. 

(26)  The  center  of  gravity  of  a  body  is  a  point  at  which 
the  whole  weight  of  the  body  may  be  considered  as  concen- 
trated. This  point  may  be  either  inside  or  outside  the  body. 
See  Art.  98. 

(27)  See  Art.  99. 
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(28)  Suspetid  the  body  iacceswvely  frtim  two  differenl 
points  and  find  the  point  of  intersection  of  two  plumb-liiua 
fnini  the  points  al  suspension.  The  center  of  gravity  will 
be  on  the  line  passing  through  the  point  of  intersection  and 
perpendicular  to  the  pJurab-lines,     See  Art.  103. 

(S9)  {a)  Centrtfogal  force  is  that  force  that  tends  to 
pull  a  revolving  body  away  from  the  point  about  which  the 
body  revolves.     See  Art.  lOl. 

(A)     Centripetal  force  is  that  force  that  tends  to  puU  t- 
revolving  body  toward  the  point  about  which  it  revolv 
See  Art.  105. 

(SO)     The  centrifugal  and  centripetal  forces  of  a  givOTj 

revolving  body  are  alwax-s  equal  and  opposite.    See  Art.  lOv 

(31)     Appl)-ing  rule  14,  jriven  in  Art.  106, 

F=  .00034  X  10  X  «  X  60'  =  T3.44  lb.      Ans. 
(3-2)     See  Arts.  IIO,  111,  and  112. 
(33)     The  forces  acting  on  a  body  at  rest  are  in  equilit>< 
riura.     See  Art.  109. 

(3-1)  As  long  as  the  line  of  direction  falls  within  the  base, 
the  body  will  stand ;  if  it  falls  outside  the  base,  the  body  will 
fall.  In  the  former  case  the  forces  will  be  in  equilibrium;  in 
the  latter  they  will  not  be  in  equilibrium.     See  Art.  113. 


MACHINE    ELEMENTS. 


(1)  (a)  A  lever  is  a  rigid  bar  or  rod  capable  of  being 
turned  about  a  pivot. 

(d)  The  weight  arm  is  that  part  of  the  lever  between  the 
fulcrum  and  the  weight. 

{c)  The  force  arm  is  that  part  of  the  lever  between  the 
fulcrum  and  the  force. 

{{/)  The  fulcrum  is  the  point  or  pivot  about  which  the 
lever  turns.     See  Arts.  1  and  2. 

(2)  The  product  of  the  weight  and  the  weight  arm  must 
be  equal  to  the  product  of  the  force  and  the  force  arm.  See 
Art.  2. 

(3)  See  rule  1,  Art.  3. 

(4)  ^^^—  =  2.4  in.     Ans.     See  Art.  3. 

(5)  Solid  pulleys  and  split  pulleys.     See  Art.  9. 

(6)  Split  pulleys  can  be  more  easily  put  on  and  removed 
from  shafts  than  solid  pulleys.     See  Art.  9. 

(7)  As  explained  in  Art.  11,  the  belt  climbs  toward  the 
highest  part  of  the  pulley ;  and  since  in  a  crowned  pulley 
the  highest  portion  is  in  the  center,  the  belt  will  tend  to  stay 
on  the  pulley. 

(8)  **  Balancing  pulleys  "  is  the  operation  of  making  oppo- 
site sides  of  pulleys  equal  in  weight,  so  that  the  centrifugal 

§6 
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fofces  of  the  opposite  sides  of  a  revotving  pull^  wiU  ta 
eqosL  A  pulley  is  hahncfid  bjr  fitst  finding  whidi  side  is 
fbe  fighter  and  then  addii^  weights  to  the  Iq^ter  side  until 
it  is  as  heavy  as  the  other.    See  Ait.  IS. 

(t)  The  "driTer"  is  the  ptilky  that  imparts  motkm  to 
tfaebclt.  The '' driven  *' is  the  pulley  that  receives  moticMi 
■icim  the  hdt.    See  Art.  l4» 

(10)    Applyhig  nde  8p  Art.  lff» 

(U)    Applying  role  «»  Art.  ISp 

iV= j^ =  6M|  rev.  per  min.     Ans. 

(18)    Apfriying  role  7»  Art.  88^ 

B^Hp^j^  +  *X40=:nfL    Ans. 

(13)  From  T^ble  I  ve  find  that  tiie  aiknraUe  effective 
pun  C  for  an  arc  of  contact  of  180*  is  28.8  pounds.  Apply- 
ing rule  8,  Art.  27, 

„r      33,000  X  40       .„  „  ^^  .  . 

"="  1,650  X  28.8  ^^^■^'^y^^^'^'     ^^• 

(14)  Applying  rule  9,  Art.  28, 

(15)  Applying  rule  lO,  Art.  31, 

J,,       23,100X40       ,^  . . 

^=  1,650  X  28.8  ='^-^-^y^^^^'     ^^- 

The  hair  or  g^in  side  is  commonly  considered  to  be 
er  dde  to  be  in  contact  with  the  pulley  face.  For 
«e  Art.  32. 

X)sin  makes  the  belt  g^ummy  and  causes  it  to 
L82. 
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"  (18)  Pulleys  run  out  of  true;  they  should  be  turned  true. 
Pulleys  out  of  line;  they  should  be  lined  up.  Belts  some- 
times flap  if  they  are  run  at  speeds  over  4,000  feet  per  min- 
ute; perforating  the  belt  with  a  series  of  small  holes  is  said 
to  remedy  the  defect  in  this  case.  Lack  of  steadiness  in 
running ;  take  steps  to  insure  steady  running.  A  defective 
joint ;  unlace  the  joint  and  relace  it  properly.  Too  great  a 
distance  between  pulleys;  reduce  the  distance  if  possible  or 
substitute  a  wider  belt.     See  Art.  33. 

(19)  Lacing,  sewing,  riveting,  and  cementing.  The 
cemented  joint  is  considered  the  best. 

(20)  See  Art.  38. 

(21)  A  wheel  that  imparts  motion  to  another  is  called  a 
** driver."  A  ** follower"  is  a  wheel  that  receives  motion 
from  another. 

(22)  Letting  IV  represent  the  weight  we  have,  by 
rule  12,  Art.  39, 

50  X  90  X  30  X3C  =  JFx  30  X  12  X  20, 

or  4,860,000  =  7,200  JF. 

XT  itr      4,860,000       ^.^^  ..         . 

Hence,  W  =    \    ,, ,  —  =  075  lb.     Ans. 

'  7,200 

(23)  {a)  Circular  pitch  is  the  distance  measured  along 
the  pitch  circle  from  a  point  on  one  tooth  to  the  correspond- 
ing point  on  the  next  tooth.     See  Art.  47. 

{6)  Diametral  pitch  is  the  number  of  teeth  per  inch  of 
pitch  diameter.     See  Art.  47. 

(24)  The  epicycloidal  and  the  involute.  See  Arts.  51 
and  52. 

(25)  Involute  teeth  are  stronger  and  their  action  is  more 
satisfactory.     See  Art.  R2. 

(26)  Applying  rule  13,  Art.  54, 

D  =  -^-^r- —  =  22  in.     Ans. 

o.  1410 
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(K) 


(«> 


(SB) 


Applying  rule  15,  Art.  56, 

„    3.UHJ  X  ao 


1.57  in.     Abs. 


Applying  rule  17,  Art.  59, 

D„  =  — ^—  =  lOJ-  ID.     Ai 

Applying  rule  81,  Art.  63, 

A'=  7.6  X  8  —  2  =  68  teeth. 


(30)  '  A  fixed  pulley  has  a  stationary  block.     A  movablal 
pulley  has  a  movable  block.     See  Arts.  71  and  72. 

(31)  Calling  H'the  weight  that  can  be  raised,  we  have,  I 
by  applying  rule  27,  Art.  74, 

ir=160X  U  =  3,100  lb.     Ans. 

(32)  The  force  that  must  be  applied  is~  greater  than  jt!^ 
'  tliere  irere  no  frictional  losses.     See  Art.  75. 

(38)    Applying  rule  0S,  Art.  7A, 
100  X  1,600  _ 


/.= 


=  31-2.5  lb.     Ans. 


2  X  4  X  00 

(34)  With  the  Weston  differential  pulley  block  a  much 
greater  weight  can  be  raised  with  a  given  force  than  with 
the  ordinary  pulley;  and  the  load  can  be  stopped  anywhere 
by  ceasing  to  pull  on  the  chain.     See  Art.  78. 

(35)  Applying  rule  SO,  Art.  82, 


mo  X  12 


I03.8+,  say  103  lb.     Ans. 


(30) 


Applying  rule  31,  Art.  83, 
,,,      30X50  _,.,^„ 


(37)     First  applying  rule  34,  Art,  89,  we  find  the  factor 
by  which  the  theoretical  weight  is  to  be  multiplied. 


Thus, 


i  =  ^- 
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Then  applying  rule  86,  Art.  90,  to  obtain  the  theoretical 
weight,  we  find 

„,      6.2832  X  50  X  20      .^  ^^-  _  , 

lv  = =  37,699.2  pounds. 

Finally  applying  the  principle  of  Art.  92,  we  find  the 
probable  actual  weight  to  be 

37,699.2  X  tV  =  2,366.2  lb.     Ans. 

(38)  {a)  The  velocity  ratio  is  the  ratio  between  the  dis- 
tance through  which  the  force  acts  and  that  through  which 
the  weight  moves.     See  Art.  103. 

(b)  The  efficiency  is  the  ratio  of  the  actual  work  to  the 
theoretical  work.     See  Art.  105. 

(39)  By    Art.    105,  the    efficiency    would   be      *       '^ 

o7y099./o 

=  .0625,  or  6i  per  cent.     Ans. 


ELEMENTS  OF 
ELECTRICITY  AND  MAGNETISM. 


(1)  The  end  b\  because  in  looking  at  that  end  the  cur- 
1  ent  circulates  around  the  helix  in  an  opposite  direction  to 
the  hands  of  a  watch.     See  Art.  2Q. 

(2)  {a)  Negative.     See  Art.  7. 
{b)  Negative.     See  Art.  7. 

(3)  Let  A  represent  the  first  branch  and  B  the  second  ; 
then  r^  =  16.2  ohms,  r,  =  14.1  ohms,  and  C=  6.37  amperes. 

The  current  r,  in  branch  A  is  found  by  using  for- 
mula lO;  substituting  gives 

Cr,         6.37X14.1       _  _.^  . 

c,  =  — -^—  =  , ,,  ,,   .    ,  ,  ,  =  2.9643  amperes.     Ans. 
*      r^-\-  r^      16.2  +14.1 

The  current  r,  in  branch  B  is  found  by  using  formula  11 ; 

substituting  gives 

Cr,         6.37  X  16.2       .  .^^^  . 

r,  =  — r-^  =  ,  .  ,   .   ^ ,  ,  =  3.4057  amperes.     Ans. 
^i  +  ^i      16.2  +  14.1 

(4)  (a)  From  Art.  64  and  formula  6,  C=-7f,  where  C 

is  the  current  in  amperes,  £  is  the  difference  of  potential  in 
volts  between  two  points,  and  R  is  the  resistance  in  ohms 
between  them.      In   this   example,    /s  =  58.4  volts  and  R 

=  2.3  ohms;  hence,  C  —  -jt  =  ~  -  =  25.3913  amperes.     Ans. 

i\.        "4.0 

For  notice  of  copyrlfpht,  see  pafi^e  immediately  following  the  title  page. 
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{b)     From  formula  21,  W=-^^  where   IV  is  the  power 

in  watts,  Ji  is  the  E.  M.  F.,  or  difference  of  potential  in 
volts,  and  R  is  the  resistance  in  ohms.  In  this  example, 
£  =  58.4  volts  and  /?  =  2.3  ohms;  hence, 

,r=  5  =  ^  =  3^0^6  =  1,482.8521  watts.     Ans. 

{€)    By  formula  22,  H.  P.  =  ~[- ;  by  formula  21,  W=  -^ ; 

E" 
therefore  (see  Art.  81),  H.  P.  =         „,  where  H.  P.  is  the 

horsepower,  E  the  E.  M.  F.,  or  difference  of  potential  in 
volts,  and  A^  the  resistance  in  ohms. 

Hence,  H.  P.  =  ,r^^^^^  =  -^^^^^^  =  1.9877  horsepower. 

Ans. 

(5)  By  formula  8,  i?  =  CR,  where  E  is  the  total  E.  M.  F. 
in  volts  developed  in  a  closed  circuit,  C  is  the  current  in 

amperes  that  is  flowing,  and  R  is  the  total  resistance  in 
ohms  oi  the  circuit.  In  this  example,  C  =  .75  ampere 
anil  K  --^-.  \:rl  +  S/2  +  11.3  =  30.7  ohms;  hence,  E  —  C  R 
-r  .:.•)  \  3i;.:  =  x>:.A*2r)  volts,  the  total  E.  M.  F.  developed 
in  the  baltcrv. 

\\\  ilcrivaiion  from  formula  8,  E'  =  C  R\  where  E'  is  the 
dilTcrcncc  of  potential  in  V(^lts  between  two  points,  C  is  the 
mirrent  in  amperes  llowing,  and  R'  is  the  resistance  in  ohms 
between  tile  two  points. 

lu'twcen  (f  and  /^,  A"  =  11.3  ohms  and  C=.75  ampere; 
hence,  /:"  ^  T  A'  =  .::>  X  11.3  =r  S.475  volts.      Ans. 

l)ctween  />  and  (',  A' =  S.*2  ohms  and  {7=  .75  ampere; 
henc  e,  /:'   =  ( '  A'  =  .TT)  X  S.\>  =  r,.15  volts.      Ans. 

Between  d  and  r,  the  dilYerenee  of  potential  is  the  differ- 
ence of  potential  between  a  and  /f  })lus  that  between  d  and  c, 
which  is  S. i;r> +  <;.  1.")  =  It. (i^>o  volts.  Or,  since  the  differ- 
ence of  potential  between  d  and  r  is  the  available  E.  M.  F. 
of  the  battery,  wlien  a  current  of  .7-5  ampere  is  flowing,  it 
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can  be  calculated  by  using  formula  9,  E'  =  E  —  C  Tt,  where 
E'  is  the  available  E.  M.  F.,  E  is  the  total  E.  M.  F.  devel- 
oped in  the  battery,  C  is  the  current  that  is  flowing,  and  r, 
is  the  internal  resistance  of  the  battery.  In  this  case, 
/:  =  27.525  volts,  C  =  .75  ampere,  and  r,  =  17.2  ohms; 
hence,  £'=  E  -  Cr,  =  27.525  -  (.75  X  17.2)  =  14.625  volts. 

Ans. 

(6)  By  formula  S^E=CR,  where  E  is  the  total  E.  M.  F. 
in  volts  developed  in  a  closed  circuit,  C  is  the  current  in 
amperes  flowing,  and  R  is  the  total  resistance  in  ohms 
of  the  circuit.  In  this  example,  C  =  .127  ampere  and 
)^  =  36.2  +  21.7  =  57.9  ohms.  Hence,  by  substituting, 
£  =  C  /e  =  .127  X  57.9  =  7.3533  volts.     Ans. 

(7)  By  formula  14,  Qzzz  C t,  where  Q  is  the  quantity  of 
electricity  in  coulombs  that  passes  through  a  circuit,  C  is 
the  current  in  amperes  flowing  in  that  circuit,  and  /  is  the 
time  in  seconds  during  which  the  current  flows.  In  this 
example,  C  =  8.32  amperes  and  /  =  2.25  X  60  X  60  =  8,100 
seconds.  Hence,  by  substituting,  Q=  C/  =  8.32  X  8,100 
=  67,392  coulombs.     Ans. 

(8)  By  formula  19,  \V=  C  E,  where  IV  is  the  power  in 
watts,  E  is  the  E.  M.  F.  in  volts,  and  C  is  the  current  in 
amperes.  In  this  example,  E=  112.5  volts  and  C=  12.2 
amperes.  Hence,  by  substituting,  \V=  C E—  12.2  X  112.5 
=  1 ,  372. 5  watts.     Ans. 

(9)  By  formula  4,  r^  =  r^  (1  +  ^  ^')»  where  r,  is  the  origi- 
nal resistance  of  a  conductor,  r,  is  the  resistance  after  a  rise 
in  temperature,  k  is  the  temperature  coefficient,  and  /  is  the 
rise  of  temperature  in  degrees  F.  In  this  example,  r,  =  43.2 
ohms,  /  =  85  —  60  =  25°  F.,  and  k  =  .002155,  from  Table  I. 
Hence,  r,  =  r,  (1  +  /  >(')  =  43.2  (1  +  25  x  .002155)  =  43.2 
X  1.053875  =  45.5274  ohms.     Ans. 

(10)  By  formula  13,  the  joint  resistance  of  three  con- 

r    K   K 
ductors  in  parallel  R"  =  -  -    *    '    ',  ,  where  r.,  r  , 

rr-\-rr-^rr  j»3' 

13        I  13        I        '    \     '  7 

and  r,  are  the  separate  resistance  of  the  three  cpnductors, 
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respectively.  In  this  example,  let  r,  =  37  ohms,  the  rcast- 
ance  of  A ;  r,  =  45  ohms,  the  resistance  of  B;  and  r, 
=  72  ohms,  the  resistance  of  C.     Substituting  gives 

r,  r,  r,  _  37  X  45  X  72  _  119.880 


r, r^+r^  r^  +  r^  r,         45  X  72  +  37  X  72  +  37  X  45  7,569 

=  15.8383  ohms,  the  joint  resistance  of  the  three  conductors 
A,  By  and  C  connected  in  parallel.     Ans. 

(11)  From  Art.  43,  the  joint  resistance  of  several  con- 
ductors connected  in  series  is  equal  to  the  sum  of  their 
separate  resistances ;  hence,  in  this  example  the  joint  resist- 
ance of  the  four  conductors  Ay  B,  C,  and  D  in  series  is 
3  -f  19  +72  +  1 11  =  205  ohms.     Ans. 

(12)  We  here  use  formula  16,  /  =  C*  R  t^  where  y  is  the 
work  in  joules,  C  is  the  current  in  amperes,  R  is  the  resist- 
ance in  ohms,  and  /  is  the  time  in  seconds.  In  this  case 
C=  14.2  amperes,  i?  =  8  ohms, /  =  4,500  seconds.  Then, 
the  work  done  =  14.2  X  14.2  X  8  X  4,500  =  7,259,040  joules. 

Ans. 

(13)  From  Art.  75,  the  separate  resistance  of  any  branch 

of  a  derived  circuit  is  equal  to  the  difference  of  potential 
between  where  all  the  branches  divide  and  where  they  unite, 
divided  bv  the  current  in  that  branch. 

Hence,     the    se{)arate    resistance    of    branch    ^^    is    — ' 


o.  i 


=  1.7:n:}  ohms.     Ans. 

11  p 

The  sei)arate  resistance  of  branch  B  is      '     =  2.3*373  ohms. 

Ans. 

/: 
(14)     ]:5y  formula  7,  A' =    , ,  where  R  is  the  total  resist- 

anct'  in  ohms  of  a  closed  circuit,  Ji  is  the  total  E.  M.  F. 
in  volts  developed  in  the  circuit,  and  C  is  the  current  in 
amperes    flowing    in     the     circuit.       In    this    example,    E 

E       22.4 

=  'I'lA   volts,   and    C  =  .43   ampere;  hence,  7?  =  -^  =  —— 

=  r)->.()'.«:5  ohms,  the  total  resistance  of  the  circuit.  Since  the 
total  resistance  of  a  closed  circuit  is  equal  to  the  sum  of 
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the  external  and  internal  resistances,  the  external  resist- 
ance must  be  the  difference  between  the  total  resistance 
and  the  internal  resistance.  Hence,  the  external  resistance 
=  52.093  —  13.4  =  38.693  ohms.     Ans. 

(15)  By  transposition  of  terms  in  formula  14,   C  =  ^, 

where  C  is  the  current  in  amperes,  Q  is  the  quantity  of 
electricity  in  coulombs,  and  /  is  the  time  in  seconds.  In 
this  example,  Q  =  368,422  coulombs  and  /  =  4.5  X  00  X  CO 

=  16,200  seconds;  hence,  C  =  -^  =  \  -  =  22.7421  am- 
peres.    Ans. 

• 

(16)  By  formula  16,/=  f  R  /,  where  /  is  the  work 
done  in  joules,  C  is  the  current  in  amperes,  R  is  the  resist- 
ance in  ohms,  and  /  is  the  time  in  seconds.  In  this 
example,  C=  2.4  amperes,  R  =  45  ohms,  /  =  3,000  seconds. 
Then  the  electrical  work  done  =  2.4  X  2.4  X  45  X  3,000 
=  777,600  joules.  By  formula  18,  the  mechanical  work 
done  =  F.  P.  =  .7373/=  .7373  X  777,000  =  573,324.48  foot- 
pounds.    Ans. 

(17)  By   formula    82,   H.  P.  =^,;    by    formula    19, 

EC 
IV  =  C  E\    therefore    (see  Art.  81),   H.  P.  =  -,;-,  where 

H.  P.  is  the  horsepower,  E  is  the  E.  M.  F.  in  volts,  and  C  is 
the  current  in  amperes.  In  this  example,  E  =  525  volts, 
and  C=  12.5  amperes;  hence, 

H.  P.  =  -^—r,  = STT-"--  =  8.7909  horsepower.     Ans. 

74d  740 

(18)  {a)  By  formula  20,  IV=C'R,  where  IF  is  the 
power  in  watts,  Cis  the  current  in  amperes,  and  AMs  the 
resistance  in  ohms.  In  this  example,  C^=  110  amperes  and 
R  =  4.2 ohms;  hence,  Jr=  C  R  =  110'  X  4.2  =  50,820  watts. 

Ans. 

/rx     TT   Ti  ^       50,820       ^^  ,,.,  ,  , 

(b)     H.  P.  =  ^jr;  =  -,.777-  =  08.123  horsepower.     Ans. 


•  ELEMENTS  OP  1^  * 


(19)  By  fommla  1,  the  changed  resistance  lor  variattOK^ 

in  length,  r,  =  -V^,  where  r,  is  the  original  resistance,  h^^ 

the  original  length,  and  /^  is  the  changed  length.     In  tld0 

case,  r,  =  1  ohm,  /.  s  1,000  feet,  and  /,  =  2,000  feet.   Then.    • 

1X3  000  ' 

the  changed  resistance  r,  ^s  —    JL     =  3  ohms.     The  nejit    ': 

operation  is  to  determine  the  resistance  of  the  wire  when  iU    ; 
sectional  area  is  changed.    A  round  wire  1  inch  in  diameter 
has  a  sectional  area  of  .1*  X  .'7854  =  .007854  square  inch,  and 
a  square  wire  .1  inch  on  a  side  has  a  sectional  area  of  .1  x  .1 

=  .01  square  inch.    By  formula  J8,  r,  =  -^— ^  ,where  r,  is  the 

original  resistance  of  a  conductor,  r,  is  the  Resistance  after 
its  sectional  area  »  changed,  n,  is  the  original  sectiomil 
area,  and  a^  is  the  changed  sectional  ar^u  At. this  8ta|^ 
of  the  examine,  r^^%  ohms,  a^  ss  .007854  square  indb, 

^A  M  ^  •  ^v      XT  ''.^1      *X. 007864 

«id  «.  =  .01  square  uwdx.     Heoc,,  r.  = -^  =  — -^j— 

s=  1.5708  ohms.    Ans^ 

W 

(20)  By   formula    22,    H.    P.  =  ^,    where    H.    P.    is 

the    horsepower    and    IV  is  the  power  in  watts.      In  this 

example,    JV  =  54,200  watts;   hence,   H.  P.  =  rrr--  =  -    ',  , 

746         746 

—  72.G541  horsepower.     Ans. 

(21)  The  sectional  area  of  a  round  column  .04  inch 
in  diameter  is  .04'  X  .7854  =  .00125664  square  inch,  or 
.001257  square  inch,  nearly. 

Reduce  the  specific  resistance  in  microhms  to  the  resist- 
ance in  ohms   by  dividing   by  1,000,000,  Art.  44,  which 

37  15 
gives  '  =  .00003715  ohm;   or,  in  other  words,  the 

resistance  of  a  quantity  of  mercury  1  inch  long  and  whose 
sectional  area  is  1  square  inch  is  .00003715  ohm.  Next, 
from  this  resistance  and  length,  calculate  the  resistance  of 
a  column  of  mercury  72.3  inches  high,  with  a  sectional  area 
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r  I 
of  1  square  inch,  by  using  formula  1,  r,  =  -—?,  where  r,  is 

the  original  resistance  of  a  conductor,  r,  is  the  resistance 

after  its  length  has  been  changed,  /,  is  its  original  length, 

and  /,  is  its  changed  length.     In  this  example,  r,  =  .00003715 

r  I 
ohm,  /,  =  1  inch,  and  /,  =  72.3  inches.      Hence,  r,  = -y - 

I 
^  .00003715  X  72.3  ^  .002685945,   or  .002086  ohm,   nearly; 

or,  in  other  words,  the  resistance  of  a  column  of  mercury 
72.3  inches  high,  having  a  sectional  area  of  1  square  inch,  is 
.002686  ohm.  From  this  result  calculate  the  resistance  of 
the  column  when  its  sectional  area  is  .001257  square  inch, 

by   using   formula   2,   r,  =  -^ — i,   where  r,    is  the   original 

resistance,  r,  is  the  resistance  after  the  sectional  area  has 
been  changed,  a^  is  the  original  sectional  area,  and  a^  is  the 
changed  sectional  area.  At  this  stage  of  the  example, 
r,  =  .002686  ohm,  rt:,  =  1  square  inch,  and  a^  —  .001257  square 
inch.     Hence, 

r,a^      .002686  X  1       ,,  ,.,,.^    ,  . 

r,  =  -^— ^  =  — -^zTrrr^  —  =  2. 1368  ohms.     Ans. 
•        tf,  .001257 

E 

(22)  By  formula  6,  C=  ,y,  where  C  is  the  current  in 

amperes  flowing  in  a  closed  circuit,  E  is  tho  total  E.  M.  F. 
in  volts  generated,  and  A'  is  the  total  resistance  in  ohms 
of  the  circuit.     Since  the  total  resistance  of  a  closed  circuit 

is  the  sum  of  the  external  and  internal  circuits,  A^  =  33  +  30 

p       45 

=  63  ohms,  and  -C  =  45  volts;  hence,   C=  ~  =  --  =  .7143 

A        03 

ampere.     Ans. 

(23)  By  formula  19,  1^=  C E^  where  W  is  the  power 
in  watts,  E  is  the  E.  M.  F.,  or  difference  of  potential 
in  volts,  and  C  is  the  current  in  amperes.  In  this  exam- 
ple, is  =  510  volts  and  C=24.3  amperes;  hence,  [1^=  510 
X  24.3  =  12,393  watts.     Ans. 


S  ELEMENTS  OF 

Itit  RefcTTias:  to  Art,  56,  the  total  E.  M.  F.  d< 
br  crmiicctin^  serera)  ctlls  in  series  is  equal  to  the  I 
ci  noe  ccli  miiilipiitd  by  the  number  of  cells ;  lie 
E.  M-  r.  of  one  of  the  groups  of  6  cells  is  6  x  1.5  = 
In  liic  sa^ie  article  it  is  stated  that  connecting 
TKBhipit.  or  parallel,  does  not  change  the  E.  M.  F. 
ibc  «■■=■-"  cvi^d-jitors.  In  this  case  each  group  o! 
caa  te  torji^ered  as  one  large  cell  developing  an  1 
ci  >  v,:!*.  aad.  consequently,  the  E.  M.  F.  of  1 
gruoifs  o'^nriected  in  multiple,  or  parallel,  is  9  volt 
voQld  bt  the  E.  M.  F.  indicated  by  a  voltmeter,  c( 
to  the  giaia  conductors  £  and  c.     Ans. 


(25)     By    formula    23,    H.  P.  ^ 


'746 


;    by    form 


ir=  CE-  -.-lerefore  (see  Art.  81),  H.  P.  = 


£C 


wh( 


"  740' 

is  tbe  l:--rsepower.  £  is  the  E,  M.  F.  in  volts,  and 
CMfTea:  :-  amperes.  In  this  example,  E  =  250  v 
EC      250  X  65.7 


r=«: 


=peres:  hence.  H.  P.  =  - 


4ti 


746 


j»'les  a;:rj 


\r:.  2ft.  in  looking  at  the  fa. 
u'.jtr^  arM-jiid  the  cure  in  t 
■;r.:  ■■!  ihi;  hands  of  a  n-atch. 

.  ir.n  and  its  alloys,  nickel, 
r:um.  and  chromium. 

,:'.h  p-ije,  since,  from  Art.  'ii 
Tth  pole,  since,  from  Art.  2< 


■'  "  Th-  currc-t  sh..H:ld  enter  the  wire  at  thi 
f.  Art.  :;(».  ir.  l-jkini:  at  the  face  nf  the  soutl 
tn.ii::-f:.  ;':;>.■  f.im-nt  should  circulate  around 
"oc;i\'n  of  motion  of  the  hands  of  a  watch. 
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r  / 

(31)  By  formula  1,  r,  =  -y-^,    where   r,   is   the  original 

resistance  of  a  conductor,  r,  is  the  resistance  after  its  length 
has  been  changed,  /,  is  the  original  length,  and  /,  is  its 
changed  length.  In  this  example,  r,  =  100.8  ohms,  /, 
=  (112  X  12)  +  6  =  1,350  inches,  /,  =  11.7  inches.     Hence, 

r, /,       100.8  X  11.7        Q^^^    ,  . 

r,  =  -j-^  = tt^t; =  -8736  ohm.     Ans. 

/,  1,oD0 

(32)  By  formula  4,  r,  =  r,  (1 -{- /  ^),  where  r,  is  the 
original  resistance  of  a  conductor,  r,  is  the  resistance 
after  its  temperature  has  risen,  k  is  the  temperature  coeffi- 
cient, and  /  is  the  number  of  degrees  rise  Fahrenheit.  In 
this  example,  r,  =  91.8  ohms,  /  =  72  —  45  =  27°,  and 
k=  .000244,  from  Table  I.  Hence,  r,  =  r^  (1  +  t  Jt)  = 
91.8  (1  +  27  X  .000244)  =  91.8  X  1.006588  =  92.4048  ohms. 

Ans. 

(33)  By  formula  5,  r,  =         '  -t-,  where  r,  is  the  original 

resistance  of  a  conductor,  r,  is  the  resistance  after  its  tem- 
perature has  fallen,  /  is  the  number  of  degrees  fall  Fahren- 
heit, an(^  k  is  the  temperature  coefficient  of  the  material. 
In  this  example,  r,  =  .144  ohm,  /  =  87  —  41  =  40°  F.,  and  k 
=  .002155,  from  Table  I.     Hence, 

_       r,       _  .144  _     .144 

^-l-|-/>^-14_46x  .002155  ""1.09913'"  ' 

x\.ns. 

(34)  From  Art.    53,   the  fundamental  equation  of   the 

A/ 
Wheatstone's  bridge  is  X=  ~v  X  ^^»  where  ^Yis  the  unknown 

resistance,  M  is  the  resistance  of  the  upper  balance  arm, 
N  is  the  resistance  of  the  lower  balance  arm,  and  P  is  the 
resistance  of  the  adjustable  arm.  It  will  be  seen  from  the 
connections  of  the  battery  and  galvanometer  circuits  in 
the  diagram  that  the  coils  lying  between  c  and  a  form  the 
upper  balance  arm  of  the  bridge,  and,  hence,  in  this  exam- 
ple, M  =  i  ohm;  the  coils  between  a  and  ^/  form  the  lower 
balance  arm,  and,  hence,  N  =  100  ohms ;  the  coils  between 


f 


ELEMENTS  OF 


u  and  A  form  the  adjustable  arm.  and,  hence,  /*=  500  +  200 
f  20  +  3  4- !  =  723  ohms.  Substituting  these  values  in 
.he  fundamental  equation  gives 


(35)     By  formula  6,  C  =  -p-,  where  C  is  the  current   in 

nperes  flowing  ia  a  closed  circuit.  E  is  the  total  E.  M.  F. 
volts  developed  in  the  circuit,  and  R  is  the  total  resist- 
ce  in  ohms  of  the  circuit.  In  this  example,  E  =  36  volis 
i  ^  =  24  +  18  =  48  ohms;  since,  according  to  Art.  60, 
:  total  resistance  of  a  closed  circuit  is  the  sum  of  the 

_temal    and    external    resistances.       Hence,    C=-^  =  — 

-=>.857l  ampere.     Ans. 

f 
(31))     By  formula  t,  R=-^,  where  R  is  the  total  resist- 

e  in  ohms  of  a  closed  circuil  E  is  the  total  E.  M.  F.  in 
■  ^.cs  developed  in  the  circuit  and  C  is  the  current  in 
amperes   flowing    through   the   circuit.      In   this  example, 

£■  =  13.G  volts  and  C=  3.7  amperes;  hence,  R  = -^  =  — i- 
=  4.C667  ohms.     Ans, 

(^7)  By  formula  S,  E  =  C  R,  where  E  is  the  total  E.  M.  F. 
in  volts  developed  in  a  closed  circuit,  C  is  the  current  in 
amperes  flowing  through  the  circuit,  and  R  is  the  total  resist- 
ance of  the  circuit.  In  this  example,  C  =  .8  ampere  and 
R  =  31.5  +  11  =  43.5  ohms,  since,  Art.  60,  the  toUl  resist- 
ance of  a  closed  circuit  is  the  sum  of  the  internal  and  exter- 
nal resistances.     Hence,  E  =  CR  =  ,8  X  48.6  =  34  volts. 

Ans. 
p 

(38)     (a)  By   formula   7,   ^=  ^,  where  R   is  the  total 

resistance  in  ohms  between  two  points  in  a  circuit,  £  is  the 
drop  or  loss  of  potential  in  volts  between  the  two  points, 
and  C  is  the  current  in  amperes  flowing  in  the  circuit.     In 
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this  example,  the  two  conductors  leading  to  and  from  the 

receptive  device  can  be  considered  as  in  series,  forming  one 

single  conductor  1,200  feet  in  length,  in  which  the  drop  or 

loss  of  potential  is  10  per  cent,  of  250  volts,  or  .10  X  250 

=  25  volts ;  that  is,  E  =  25  volts.     Since  C  =  80  amperes, 

E      25 
then,  ^  =  -;=.=  —  =.3125  ohm;  or,  in  other  words,  the  sum 
C        oO 

of  the  resistances  of  two  conductors  that  transmit  a  current 

of  80  amperes  to  and  from  the  receptive  device  with  a  loss 

of  25  volts  is  .3125  ohm.     Ans. 

{b)  The  resistance  per  foot  of  any  conductor  is  found  by 
dividing  its  total  resistance  by  its  length  in  feet.  Assume 
the  two  conductors  leading  to  and  from  the  receptive  device 
to  be  one  single  conductor  1,200  feet  in  length  and  offering 
a  resistance  of  .3125  ohm;  hence,  its  resistance  per  foot  is 

^^^  =  .00026  ohm.     Ans. 

E 
(39)     By  formula  6,  C=  ^5,  where  C   is  the  current  in 

amperes  flowing  in  a  closed  circuit,  E  is  the  total  E.  M.  F. 
in  volts  developed  in  the  circuit,  and  R  is  the  total  resist- 
ance in  ohms  of  the  circuit.  In  this  example,  E  =  24:  volts 
and  ^  =»  8.1  +  15.9  =  24  ohms,  since.  Art.  60,  the  total 
resistance  of  a  closed  circuit  is  the  sum  of  the  internal 
and  external  resistances.     Hence, 

^      E       24      ^ 

R^2l^     ampere. 

By  formula  9^  E'  =  E  —  Cr^^  where  E'  is  the  available, 
or  external,  E.  M.  F.  in  volts  of  a  battery  or  other  elec- 
tric source  in  a  closed  circuit,  E  is  the  total  E.  M.  F.  in 
volts  developed  in  the  source,  C  is  the  current  in  amperes 
flowing  through  the  circuit,  and  r,  is  the  internal  resist- 
ance of  the  battery  or  electric  source.  In  this  exam- 
ple, £  =  24  volts,  C  =  1  ampere,  and  r,  =  8.1  ohms. 
Hence,  iE"'  =  £"  -  Cr<  =  24  -  (8.1  X  1)  =  15.9  volts.     Ans. 
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DYNAMOS    AND    MOTORS. 


(1)  By    formula    1,    i?  = — —g — .      In    this    example, 

N  =  6,250,000  lines  of  force,  5  =  100  outside,  or  face,  wires 
in  series,  for  if  200  turns  were  wound  around  the  core, 
there   would    be    200    outside,    or    face,    wires    and    from 

Art.  23  one-half  would  be  connected  in  series,  and ;/  =    \ 

revolutions  per  second.     Substituting  these  values  in  above 

-  ,         .  ^       2  N  S  ?i       2  X  6,250,000  X  100  X  1,200 

formula    crives   zs  =  — —-z —  = . . ,.  ^^..  ^^^ :;r:r-^ 

^  10"  100,000,000  X  60 

=  250  volts.      Ans. 

(2)  From  Art.  36,  it  will  be  seen  that  the  current  in  the 
shunt  field  of  a  dynamo  is  equal  to  the  difference  of  potential 
between  the  brushes  divided  by  the  resistance  of  the  shunt 

field  circuit,  or  C^  =  >>-.  In  this  example,  £  =  220  volts  and 
R,  =  440  ohms ;  hence,  C„=z  —  =  — -  =  .  5  ampere.     Ans. 

(3)  An  alternating  current  is  one  that  is  continually 
reversing  in  direction  in  a  regular  periodic  manner,  flowing 
first  in  one  direction  in  a  circuit  and  then  in  the  other,  while 
a  continuous  current  is  one  that  flows,  without  stopping,  in 
one  direction.     See  Arts.  13  and  14, 

For  notice  of  cop3rright,  see  page  immediately  following  the  title  page. 
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(8)  Use    formula    4,      In    this  example,    the   input  = 

7-r-r^ =  71,823.2  watts.     Since  1  horsepower  equals 

90.5 

746  watts,  then  71,823.2  watts  equal ^?^i^—  =  96.28  H.  P. 

74d  . 

Ans. 

(9)  If  the  current  circulates  in  the  direction  indicated  by 
the  arrowheads,  neither  pole  piece  will  be  a  north  pole ;  for 
it  will  be  seen  that  the  north  pole  of  one  field  coil  is 
opposite  the  south  pole  of  the  other,  and  the  lines  of  force 
circulate  around  the  magnets  without  passing  through  the 
armature.  If  the  winding  of  the  right-hand  coil  were  re- 
versed, its  top  would  be  a  north  pole,  and  the  top  of  the  left- 
hand  coil  being  also  north,  the  pole  piece  P  would  become  a 
north  consequent  pole  and  P'  a  south  consequent  pole. 

(10)  In  this  example,  it  is  first  necessary  to  change 
the  input  from  horsepower  to  watts.  Since  1  horsepower  is 
equivalent  to  746  watts,  then  10  horsepower  are  equivalent 
to  10  X  746  =  7,460  watts.  Then,  by  formula  2,  the  effi- 
ciency E  = in-TTn^ =  85  per  cent.     Ans. 

^  7,460  ^ 

(11)  From  b  \,o  a  through  the  conductor;  for,  by  apply- 
ing the  thumb-and-finger  rule  given  in  Art.  8  as  indi- 
cated, it  will  be  seen  that  the  middle  finger  is  pointing 
toward  a  from  b, 

(12)  In  this  example,  it  is  first  necessary  to  find  the 
input  in  watts.  In  this  example,  the  output  =  11,900  watts 
and  the  per  cent,  efficiency  =  85.     Then,  by  formula  4,  the 

100    X     11,900  ,    ,     ^^^  ,^        .  ^  K  '  K      .       g*M 

mput  = —z-^ =14,000  watts  mput.     As  m  Art.  o4, 

the  watts  lost  are  found  by  multiplying  the  input  by  the 

r  1            J  J-   -I-       I.    .^^      TT           14,000x1.8 
percentage  of  loss  and  dividmg  by  100.     Hence,  —  

=  252  watts  lost  in  core  by  eddy  currents  and  hysteresis. 

Ans. 

(13)  (a)  When  a  current  is  being  generated  in  the  arma- 
ture of  a  dynamo,  the  reaction  between  this  current  and  the 


jS  JLSZj  UnTGBLS  | » 


scjisszirrt  -JI  The  iponste  nry^crniiL  T!ns  ippcsffin^  gtfgtt  of 
the  TurrT^nr  In  "iie  irnmcnrs  if  x  fvnamn  is  katiwir  as  oe 
cnonrer  Tntniic  of  a.  ivnanni.     See  Art. 


(i?^  If  a  Tnnftrurrnr  is  Dirniblj  3iiivetL  as  in.  »  (fT3aiiB> 
atmanir^  acns»  a.  Tiax^ezzn  ietii  in  i  x^TJisn  •SrecTMiL  saj 
in  zhe:  r&picriiia  of  die  aiTDw^  :j.  £Z,  Fuc.  :|IK  i  '^j-llwil  will 
Sow  in  the  innductiir  rnm  s  z^^  u.  If  "rns  iaine  condxDixoc  is 
ant  D-jmb'tT  nn^v^retL  bur  lies  in  diis  some  •fefif,  antff  2  current 
B  4cnt  ihrotupi  ±  in  rhe  ^ame  •iir^cra:a  as  before^  thai:  k 
fmcn  u  tiii  iT,  then  the  :oniini'r;:>r  vH  au^v^  acrriss  the  ikM  in 
the  dir^crinn  of  the  arr^w^  7,  ^^  if  there  is  a^rrrfmg  ti:>  op^KHse 
ic*  motii'^o-  The  fonie  caasm'Z'  this  Ian«»r  mijcii^ti  evaiently 
wtn  oppose  the  t-'jrri^  prodnciru^  the  nii5Cii>n  -jf  the  ctsodnczot 
tn  the  dynamic  amariLre.  These  r»^>  opp«3sm^  tocoes  are 
^TTvientlj  present  m.  a  djr^.:imo  armatiire.  the  ci^finter  torqoe 
beirw^  the  smaller,  'jf  crjorse,  else  the  armature  w»?aEd  not 
rerolTre,     See  Art.  Si 


:-:-  ••  ri-t'.i  I'.s^^.     :-  Xtz.  O^,  the  -jfj.::^  I.-^i  in 

•  '.'.    '     ...     -  '     --^     i<^  — -i     -       ■     -i  ~--    -aT  •  ~  ~  "i    '     <*■     ""    *•*--=•     <*■"•-'**'    .'■■•] 

ar.^:  /-r  =  .o-r.'  .hr-.s:  r.-r.  ■.-r.  .i   =  —7  =  ^^^ =  •>>».►  watts, 

-Ah;  :.  :-.  th^:  *.  .--  :r.  th-:  -r.irr.  ri-ri  :.  Th .  t-'>:al  Ir^ss  in  the 
f;':>:  .  ^f  ;a  ^^rr.:/  Mr.'!-^-  y.:r. :  -ivr^an:  ■  is  -rqual  to  the  sura  oi 
*,?;*:  .  .  /:-,  IT.  *.h*:  S'-ri':^  ar.  !  si-.ur.t  •;  ils.  Hence,  the  total 
]</•.'.  \Ti  *h:-r  '  as^:  i^  si  —  /iviv'  =  '-11  watts.      Ans. 

(\^',)     V/h':n    r  jrr'rr.'.    fl  r.v-    in    the    armature  conductors, 
th':  armatjr^:  ^orc  i^  maj^n^tized   by  this  current  in  such  a 
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direction  as  will  produce  lines  of  force  exactly  at  right  angles 
to  the  lines  of  force  produced  by  the  field,  if  the  two  magneti- 
zing forces  could  act  independently  of  each  other.  But  lines 
of  force  cannot  cross  each  other,  hence  the  two  systems  of 
lines  of  force  rearrange  themselves  and  produce,  as  a  result, 
neutral  points  that  are  shifted  forwards,  in  the  case  of  a 
dynamo,  in  the  direction  of  rotation  when  current  flows  or 
increases  in  strength  in  the  armature  conductors.  See  Art.  29, 

(17)  From  Art.  63,  the  total  loss  in  a  dynamo  is  the  sum 
of  the  separate  losses;  hence,  in  this  example,  the  total  loss 
in  watts  is  356  +  178  +  263  +  423  +  50  =  1,270  watts.  From 
Art.  69,  the  input  to  the  dynamo  in  this  case  is  15,000 
+  1,270  =  16,270  watts.     By   formula   2,  the  efficiency  E 

100X15,000         ^-  ^_  ^      ^  ^1,-        4.     ^       A 

= ^^  ^^1 ,  or  92.19  per  cent,  at  this  output.     Ans. 

16,270      '  ^  ^ 

(18)  From  example  17,  the  loss  in  mechanical  friction  is 
356  watts,  and  the  input  is  16,270  watts;  hence  (see  Art.  72), 

the  percentage  loss  is—  ,  or  2.1881  per  cent.     Ans. 

From  example  17,  the  loss  in  the  core  by  eddy  currents 
and  hysteresis  is  178  watts,  and  the  input  is  16,270  watts; 

hence,  the  percentage  of  loss  is — ^^^ts^c— ,  or  1.094  per  cent. 

'  Ans. 

From  example  17,  the  loss  in  the  field  coils  is  263  watts, 

and  the  input  is  16,270  watts;  hence,  the  percentage  of  loss  is 

263X100         ,  ^_.  ^       . 

"ir"97fi~'  ^^  1-6165  per  cent.     Ans. 

From    example    17,    the    loss    in    the    armature    {C*  r) 

=  423  watts,  and  the  input  is  16,270  watts;  hence,  the  per- 

.  ,        .   423  X  100         „  ^^^^  ^        . 

centage  of  loss  is^— — rjr— -,  or  2.5999  per  cent.     Ans. 
^  16,270    '  ^ 

From    example  17,    the   sum   of    the   separate   losses   is 

1,270  watts,  and  this  is  the  difference  between  the  input  and 

the  output ;  the  input  is  16,270  watts ;  then,  by  formula  3,  the 

total  percentage  of  loss  L  —  —  .rrr^zT. — ,  or  7.8058  percent. 

Iu,/w7u  « 

'  Ans. 
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(19)  From  Art.  22,  it  will  be  seen  that  the  electromotive 
force  generated  in  an  armature  is  proportional  to  the  speed. 
other  conditions  and  quantities  remaining  unchanged. 
Hence,  in  this  example,  if  £  represents  the  electromotive 
force  that  is  generated  when  the  armature  is  driven  at 
1,400  revolutions  per  minute,  then,   by  proportion,   440  :  /■ 

::  1,200  :  1,400,    or   J-  x  l,a<tO  =  440  X  1,400  ;    therefore, 

„      440  X  1,400       ^,„,       ,.  , 

^= 1,200        =  ^'"^^  ^'°'"-     ■^^■ 

(30)  They  spark  less  than  copper  brushes,  csiwcially  when 
the  load  is  a  variable  one.      Sec  Art,  79. 

(21)  Yes;  because,  Art.  1,  a  change  takes  place  in 
number  of  lines  that  pass  through  the  coil.  From  the  rule 
given  in  Art.  7,  it  will  be  seen  that  the  current  will  circulate 
around  the  ring  in  the  same  direction  as  the  movements  of 
the  hands  of  a  watch ;  for  the  effect  of  the  motion  is  to 
diminish  the  number  of  lines  of  force  that  pass  through  the 
coil,  and  the  observer  is  looking  along  the  magnetic  field  in 
the  direction  of  the  lines  of  force. 

(22)  See  Art.  42. 

(23)  The  ra/c  of  cutting  lines  of  force  is  found  by  divi- 
ding the  number  cut   by  the  time  required  to  cut  them; 

,                  ■          ■■                     .u            .          r          ..•           ■      8,000,000 
hence,     m    this    case,    the    rate    of    cutting    is   r-^ — 

=  32,000,000  lines  of  force  per  second. 

(24)  Because  the  solid  iron  core  would  act  as  a  large 
conductor  cutting  lines  of  force,  thereby  producing  local,  or 
eddy,  currents  in  the  core,  heating  it  badly,  and  uselessly 
dissipating  a  large  amount  of  energy.     See  Art,  16. 

(25)  From  Art.  33,  it  will  be  seen  that  the  electro- 
motive force  generated  in  an  armature  is  proportional 
to  the  number  of  lines  of  force  passing  through  the  core. 
Let  E  represent  the  electromotive  force  that  is  gener- 
ated when  1,250,000  lines  of  force  are  passing  through  the 
core;  then,  by  proportion,  200  :  E  ::  760,000  :  1,260,000,  or 
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E  X  750,000  =  200  X  1,250,000;  theref ore,  £  =  — J^J^'^^^^^ 
=  333^  volts.     Ans. 

(26)  {a)  See  Art.  66. 
(b)  See  Art.  70. 
if)  See  Art.  66. 

(27)  Toward  the  side  a\  for,  by  applying  the  thumb-and- 
finger  rule  given  in  Art.  26,  and  making  the  forefinger 
point  in  the  direction  of  the  lines  of  force  and  the  middle 
finger  in  the  direction  of  the  current,  the  thumb  will  point 
toward  the  side  a. 

(28)  Use  the  formula  given   under    **  Field  Losses"   in 

E 
Art.  67,  Cg  =  — -,  which  is  a  modification  of  the  formula 


r. 


E 
C=  -TT.     In  this  example,  E^  =  525  volts  and  r,  =  650  ohms; 

E       525 
hence,  C,  =  — ^  =  — —  =  .8076  ampere.     Ans. 

r,       GoO  '^ 

(29)  The  increase  in  voltage  from  no  load  to  full  load 
is  124.2  —  115  =  9.2  volts,  which  is  "         —  =  8  per  cent. 

JLXO 

of  the  normal  voltage.     Therefore,  the  over-compounding 
is  8  per  cent.     Ans. 

(30)  It  is  radiated  from  the  surface  into  the  surrounding 
air,  and  some  of  it  may  be  conducted  away  through  the  shaft, 
bearings,  and  base. 

(31)  See  Arts.  34,  36,  and  39. 

(32)  From  Art.  72,  the  percentage  of  loss  in  the  core  is 

found  by  dividing  the  number  of  watts  lost  in  the  core  by 

the  input  and  multiplying  by  100.     Reducing  64  horsepower 

to  watts  gives  64  X  746  =  47,744  watts.     Consequently,  the 

.        .      .  .    800  X  100       ^  ^^^^  ^        . 

loss  m  the  core  is  — r^^r-iirT-r-  —  1.6756  per  cent.     Ans. 

47,744  ^ 

(33)  See  Art.  76. 

(34)  See  Art.  43. 
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